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realities and contingencies of teaching; and (5) teacher education is 
an on-going, developmental process. The material strives to: (1) 
present a broad overview of developments in mathematics teacher 
eduLcation as a perspective from which to view the current situation; 
(2) propose a taxonomy for teacher education; (3) illustrate tne 
ta>cononiy and expand upon it through selected examples; (4) describe 
the operation of a teacher education program based on the taxonomy; 
(5> relate the taxonomy to the cn-gcing, developmental nature of 
.teacher education; \S) suggest content and experiences for inclusion 
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Foreword. 



•In this book, Peggy House presents a taxonomy for a teacher 
education program from pre-service through in-service. But 'she does ^ 
more than that. She develops the model for educating secondary school 
mathematics teachers, and proceeds to pack it full of specific ide^s and 
suggestions thgt can be' of use to all teachers educators, no matter what 
;type of program they have. Many of these ideas can be trans ferried, to 
Ciie teacher education program for elementary school teachers. Thus, 
this Book ran serve as' an invaluable resource for all teacher educators. 



We are proud to make it available to you, 
you in planning your program and your classes. 



We *think it will help 



Marilyn N. Suydam , 

Associate Director 
Mathematics Education 




This publication wad prepared with funding from the National 
Institute of Education, U.S. Department of Education under 
contract no. 400-78-0004. The opinions expressed in this 
report do not necessarily reflect the positions or policies of 
NIE or U.S. Department of Education. 
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Chapter One 

Mathematics Teachers: An Eudaiigered Species 

^ Within the past we^k, local television and newspapers have called 
attention to the plight of timber wolves, snail darters, and trumpeter 
swans. It has become fashionable to show concern endangered species. 
Unfortunately, some endangered groups never- make it onto any of the 
official lists. Mathematics teachers are a case "Hn point. 

} 

During the closing years of the 1970s there .emerged a growing 
awareness that mathematics teachers were becoming a rare,, if not an 
endangered, species. Newspapers across the^ United States reported 
shortages of mathematics teachers, especially at the secondary school 
level. Colleges and universities responded w^ith reports of sharply 
declining enrollments iti mathematics tea-cher education programs. 
Hypothdlses were advanced about mathematically talented individuals being 
lured by high-paying jobs in engineering, technology, and the information 
sciences, especially the computer fields. The media contributed lengthy 
accounts of **teacher burnout** and teacher incompetence. Well-meaning 
parents, friends, relatives, even teachers and counselors , ^ advised young 
people against careers in education. 

We. are faced with serious probl-ems. Ours is a present and a future 
built on ever-increasing dependence upon information processing, 
technology, and applications of the mathematical sciences. More secondary 
school ^nd college students are electing to study mathematics in * 
preparation for careers in these fields. At the same time, sizeable 
numbers of mathematics teachers are themselves leaving their, classrooms 
for new careers, in those expanding areas. The demand for creative, 
effective mathematics teachers groves steadily. 

The situation, however, is yet more complex, ^'he past quarter- 
century has seen the passage of at least two major waves in mathematics 
education: the "new math" of the late 1950s and 1960s and the "back-to- 
the-basics** of theil970s. As we enter the 1980s, we are challenged to 
create yet another new thrust, one which makers problem-solving the central 
focus of mathematics teaching. Backed by the recommendations of 
professional educators, especially the National Council of Teachers of" 
Mathematics (NCTM) , this focus on problem-solving recognizes the 
impossibility o£ teaching pupils all of the specifics of mathematics 
which .they will need to know in the future. 

Yet the public image of mathematics is, by and large, built on 
assumptions that mathematics consists of well-defined procedures and 
algorithms which produce precise **right" answers. Often mathematics is 
equated with arithmetic and algebraic manipulation plus, perhaps, the 
formal logic of deductive gej:)metric proofs. To one with this view, the 
back-to-the-basics movenient with its emphasis on rote learning and drill 
was a welcomed trend. Thus, we are faced^ immediately with the momentous 
task of changing public opinion on two key issues: (1) to gain acceptance 
of the fact that ''basic skills'* in mathematics include far more than 
computation, and (2) to gain recognition of the fact\hat ^'problem 
solving" eticompasses more than the familiar "story problems" of school 
textbooks. 



However we choose to address these challenges, though, we are 
forced to return to the mathematics teacher as the crucial variable. ,To 
say that the teacher is key is, perhaps, to recite a cliche. Yet it is 

. a truism Which cannot be ignored. *The curriculum developers of the '*new 
math" era were well aware^of the need -to teach classroom teachers the 
new 'Content included in those programs. No less important today is the 

•neec^ to prepare mathematics teachers to adopt new teaching behaviors it 
they are to implement the recommead^tions proposed for mathematics 
teaching in the years ahead. 

S'ignificant among such recommendatioas is the Agend ar for Action 
(1980), NCTM|s response to present and future needs in* mathematics . 
education. It was conceived "to present its (NCTM- s) responsible and { 
knowledgeable viewpoint of the directions mathematics programs should be 
taking in the 1980s" (NCTM,- 1980; p. i). The preface to the Agenda 
concludes with the challenge: ^ 

These' recommendations are not the end of our efforts but a 
beginning. They" represent an agenda for a decade of action, 
and we call on all interested persons and groups to join us * 
in a massive cooperative effort toward better mathematics 
education for all our youth. 

(NCTM, 1980; p. it) 
^ ^ J 

It is this writer's belief that an essential aspect of that massive 
effort lies in on-going educatio^r^ oT>ftJrl m athematics teachers. This 
book is one interested person's respons^ t^ the challenge of the Agenda . 

The book is addressed to persons/responsible for the education and 
professional development of mathematics teacl\ers through undergraduate 
(pre-service) or graduate levels of formal academic programs, as well as 
through the continuing in-service education of teachers offered either 
by school systems or Ijy colleges and universities. While much of what 
is proposed could be generalized to other subject areas or to other 
levels of instruction, the discussion* here is deliberately focused on 
the education of secondary school mathematics teachers. Discussions 
which are too broad or too general are fr^^quently viewed as being vague 
^or theoretical. They also are easier to ignore because thay do not; 
speak directly to a specific set of needs. To argue for the need to 
effect changes in the teaching of secondary school mathematics and in 
the edueation of secondary school mathematics teachers is not to negate 
equally serious needs in other areas. Nevertheless, to attempt to 
address too broad an area of need is probably to effect little change. 
Thus we will address specifically only the area of teacher education tor 
secondary school mathematics in the hope that this one endangered spe<?ies 
can benefit from these efforts. 



Basic Assumptions 

The approach to mathematics teacher education which is described in 
t^he pages to follow is based on several fundamental assumptions about 
the professional education of mathematics teacliers. We state thote 
assumptions here and refer to them throughout the remainder of th( book. 
The assumptions are the following: 

r 



Mathematics teachers must know mathematics well beyond th e _level " that 
they teach , , ^ . ' 

Let us acknowledge from the start that a firm foundation in* 
mathematics continues to be an essential prerequisite for mathomalics 
teachers. This assumption has long characterized the recommendations 
for the profession, as any reading of the history of groups sotting 
guidelines for^ma'thematics teacher education will verify. .The ^'Guidelines 
for the Preparation of Teachers of Mathematics" published by NCTM in 
1973 expressed the need thus: 

^It is essential -for teachers to know more than they a^e 
expected to teach and to be able to learn more than they 
[ already know, for without such knowledge, progress is 
essentially impossible. 

^ . ' • (NCTM, 1973; p. 5) 

<^ 

The 1979 revision of those guidelines repeated the sentiment in these 
words:- 

Prospective teachers of mathematics at any level should 
know and understand mathematics substantially beyond 
that which they may be expected to teach. 

. ' . (NCTM, 1979; pi) 

. We state this assumption explicitly and first to emphasize its 
importance, even though most of the discussion in this book will focus 
on other aspects of teacher education rather than on the formal study o7 
mathematics. This, is because, at least in recent years, secondary 
mathematics teachers have, in general^ graduated from their teacher 
education programs with reasonably extensive training in mathematics, 
including work in calculus and several other areas such as analysis, 
differential equations, abstract algebra, linear algebra, probability, 
statistics, euclidean and non-euclidean geometries, and computer science. 
It is not uncommon, however, for the students or graduates of such^ 
programs to complain that they have -no need of mathematics at that level 
since' they will never teach it to pupils. 

We reject that , argument and continue jco assume that teachers must 
study mathematics well beyond the leyvel at which they toBch. At the 
same* time we must be careful not to assume that the mathematics component 
of the teather education program is forever fixed. New discoveries in 
mathematics, new applications of mathematics, new emphases on various 
branches of the mathematical sciences all necessitate the periodic 
reevaluation of what mathematics wej/ill require. For example, statistics, 
combinatorics, and numerical analysis are areas which are likely to 
assume* greater importance in the future, yet their significance to the 
mathematics teacher will differ from their significance to the applied 
mathematician or to the researcher. 



Mathematics teachers need specialised knowledge » 

^knowledge of mathematics is only' one as'pect of the specialized 
>^ knowledge that mathematics teachers must possess. In particular we 

stress that knowing mathematics is not the same as h€ing able to deliver 
mathematics to others. Stated another way: being ccimpeteiit in 
mathematics does not guarantee that one will be a good mathem<7tirs 
teacher. Knowledge of mathematics is a necessary but not a suff .cient 
condition for mathematics teaching. 

In addition to knowledge of mathematics, teachers need knowledge of 
psychology and of pedagogy. They also need what Smith referred to as 
knowledge about the subject, in this case knowledge about mathematics. 
This, according to Smith (1969; p 125), is the knowledge used in thinking 
about the subject (mathematics) and the logical operations used in 
manipulating it. One can learn to perform mathematical operations 
Vithout attaining knowledge about mathematics, and often it is the lack 
of a significant degree of knowledge about mathematics which most 
interferes with the delivery of mathematics to pupils. The 'programs we 
develop must give appropriate <Tttention to all aspects of the specialized 
knowledge that mathematics teachers need. 



Tje a eh gf education is the key to educationa 1 reform . 

We noted esuiliQt that the teacher is the critical factor in 
realizing c.hanges in education practice. The NCTM Agenda for Action 
(1980), cited earlier, calls for nrathematics teaching that requires new 
emphases within the curriculum, new uses of instructional materials, and 
new roles for teachers* Yet as recently as 1977, when the National 
Science Foundation (NSF) commissioned three large-scale projeots to 
assess tlie stati^ of mathematics and science teaching in the United 
States, the picture that emerged was far removed from what will be 
required if the Agenda is to be realized. The findings were sununarized 
in one report of the NSF literature review (Suydam and Osborne, 1977) as 
follows: ^ 

Classrooms have changed little over the past twenty 
years, despite the innovations advocated. Predominant 
patterns continue to be: instruction with total-class 
■ groups, tell-and-show followed by seatwork at the 

elementary school level, and homework^-lecture-new homework 
at the secondary school level; and the use of a single 
textbook but few other materials. (ERIC, 1979, p. 2) 

The other two NSF studies (Stake and Easley, 1978; Weiss, 1978) 
substantiate the conclusion noted above. One observer who compiled a 
frase study of one school district as part of the NSF project recorded 
the following: ^ 

In j11 m.^th classes I visiJLod, the sequence of activities 
WIS the same. First, answers were given for the previous 
day's assignment. The more difficult problems were worked 
by the teacher or a student at the chalkbo.ird. A brief 
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Explanation, sometimes none at all, was given of th"* new 
material, and problems were assigned for the next day.. 
The remainder of the class was devoted to working on the 
homework while the* teacher moved about the room answering 
questions. The most noticeable thing about math classes 
was the repetition of this routine. (Stake and Easley, 
1978: 5:6)' 

The observer^ went on to comment that "Although it seeuned borinx to me, 
students and teachers seemed comfortable with it." 

While we recognize that there are and haVe been many outstarding ' 
mathematics teachers, the last observation above suggests the de^roe to ^ 
which pupils and teachers have assumed that mathematics classes i^lways 
follow, the noted format. This conclusion was further verified ir> the ' 
second National Assessment of Educational Progress (NAEP) in mathematics 
(1977-78) which sampled pupil attitudes t-eward mathematics as well as 
their achievement in the subject. The NCTM committee that reported on 
the attitudes of secondary school students reflected ia the NAEP results 
concluded:' % 

...students perceived their role in the mathematics 
classroom to be primarily passive: they feel that 
they spend a lot of time listening to the teacher 
explain mathematics, a lot of time watching the 
yteacher work problem's, and a lot of time working 
problems from the textbook on an individual basis. 
(Carpenter et al . , 1980b; p. 53A) 

If, as many studies have concluded, teachers teach as they were 
taught, than it is not difficult to see why the pattern of instruction - 
describ*ed above generalizes so consistently across schools and classrooms. 
It also underscores the difficulties faced when one attempts to change 
the pattern, for teachers are not likely to change their classroom 
behavior unless alternative approaches are modeled in a meaningful way. 
Thus the assumption that teacher education is the key to educational 
reform carries with it the implication that teacher ed^ication programs 
shoil^ld model desired teaching processes both in the college or university 
-classroom artd in the secondan^ schools. It also implies that teacher 
education must integrate forrn^l instruction in the college classroom 
with meaningful practicum experiences in the secondary school. 



Teachers mus t be prepar ed for the realities and con tinge ncies of teaching. 

While teachers may be the key elements in education, they /ire, 
none-the-less , restricted by the parameters of their school situ:itions. 
Otte, summarizing conditions worldwide, concluded that tbacher beh^i^ior 
is dependent on. the "opportunitie.*; and limitations inherent m the 
co.itext of their work." Among these opportunities and limitations he 
enumerated the decision-making and organiijiat ional structure of the 
school, the standards of colleagues, working conditions, working-time 
regulations, the curriculum, and available teaching aids. H^ further 
proposed: 




Th^se elements n^ed to be clarified so thaV the teacher 
can consciously consider them and improve the quality 
of his decision-making in his professional practice. 
Just hs teacher education prepares teachers in the 
subject matter and methodology, so it ought to prepare 
them to cope with these demand^. (Otte, 1979; p. 110) 

What Otte described is another type of problem solving. Just as 
teachers cannot teach pupils All of the specifics of the mathematics 
•vthey will need, so teacher educators cannot prepare teachers for each 
specific contingency that may arise. But also aS, the mathematics teacher 
hopes to teach pupils basic problem-solving skills, so, too, should 
teacher educators help teachers to develop the knowledge and under- 
standing needed to make responsible professional decisions.' 



Teac her educa tion i s an on-going, developmental procesj . 

< 

We consider it'' essential to view teacher education as a develop- 
mental process beginning at the pre-service, undergraduate level and 
continuing throughout the teacher's professional life. We do not view 
teacher education as a collection of ^courses and workshops, and we do 
not dichotomize* between undergraduate and graduate, pre-service and 
in-service education. Rather, we see teacher education as a unified 
whole and consider its various aspects (pre-service*, induction, in- 
service, etc.) as- points on a continuum. This facilitates a comparison 
of the similarities and differences among teachers at different points 
along the cont inuujn, and it encourages a more realistic set of expect- 
. ations of teachers at different stages of professional development. It 
further en^ibles teacher education at any time to build on the past 
learning and demonstrated strengths of the teacher while focusing on the 
''attainment of rela'ted objectives or new goals. 



Dimensions of Concern 

We have enumerated the assumptions that underlie our approach to 
mathematics teacher education. We must also acknowledge several areas 
of concern that impinge upon these assumptions, for iinle^ teacher 
educators are attentive to these points, they may frustrate tiitir own 
efforts to effect change. 

A first concern arises from the recommendation of the Agenda for 
A«^^i"n to make problem-solving the central fociis of mathematics teTching. 
The concern is that ''problem-solving** is a term often misunderstood 
bc^cause the speaker assumes that each listener understands it in the 
same wa/ as the speaker intends. Too ofen it turns out that teachers 
assume '*problem-solving** to signify textbook exercises stated in words 
('•story problems"), while mathematics educators generally use the term 
to si)^nify, in particular* situations in which the solver lacks the 
prior knowledge and/or algorithms to guarantee a solution. . Hence, 
teachers may believe they are emphasizing problem-solving when, m fact, 
they are falling short of that. Further, the situation is aggravated 

^ f 

ERIC ^ I 



7 



when teachers themselvf^s do not engagr ni probltMn-solvuig; uuny m.jLhe- 

matics teachers admit that tliey do tjot becuise they are uiUannhar or ^ 

uncomfortable or threatened in a proh lem-sol ving situation. Teachers 

who are not problem solvers are not likely to t<\ich problem-solving. 

The ramifications of this will be seen in a later concern. 

The secon<l concern arises I rem the picture of mathematics teaching 
drawn from the NSf studies and the NAKP refjponse cited earlier. In 
particular, the infrequency ol employing discovery learning, laboratory 
activities, manipulative materials, multimedia approaches, and other 
alternatives for mathematics teaching results in the fixed, colorless 
portrait of life in mathematics classes. Related sto this there often is 
aa assumption, either stated or implicit, that alternatives such as 
those listed above are appropriate lor elementa'ry school pupils but 
unnecessary in secondary school. Again we confront the dilemma that 
teachers who have not themselves learned through some of these alter- 
natives probably will not employ them in their own classes. 

Third, we must be careful in advocating goals like those of the 
Agenda lor Action that we give deliberate attention to teacher education. 
A memorable passage from the report ot the Cambridge Conference that 
convened in 1963 to propose goals for school- ma'thematJtcs was the admission 
that **Thus we ignored the whole problem of tt^acher training, and acted 
on the assumption that if a teachable program were developed, teachers 
would be trained to handle it" (Cambridge Conference, 19"63"; p. 3), We 
cannot assume a similar posture of' ignoring teacher education relative 
to the Agenda . Indeed, that Agen da will nej/er be translated into action 
except through the individual efforts of classroom teachers. We cannot »i» ' 

take for granted the needs of the teachers upon wltom we must rely for 
effecting change, - v . 

A fourth concern is for the prevailing attitudes toward mathematics * 
exhibited not only by pupils but also by teache.rs and the public in ^ 
general. A clue to those attitudes was dramatically illustrated in an 
item from the national asst^ssment reported ^<by' Carpenter et al. (1980b; 
p, 5^8): , 

*'There is always a rule to tollow m solving mathematics 
problems , 

I)i sjgreu Undeci ded /\gree 

Age n 5 % • 5 % . 89 % 

Age 17 8 % 4 % ^- 88 % 

Perhaps more than any other .subject , mathematics is viewed in a 
very tlualistic manner: there are **right answers*' and **wrong answers," 
"right ways" and '*wrong ways" for everything. This is closely allied to 
the view that mathematics is equivalent to arithmetic or to algorithmit 
manipulation .md it is reinforced by the back-to-the-basics mentalit7 
which St resscnl dr 1 11 an«i practice in c ompiit<it ion . 

We cannot suppose, how»»ver, that an overhwhelniing majority of 
pupils arrived at this narrow vie^ ol mathematics entirely on their own, 
Otte placed the rj*spon,sib 1 1 1 ty sciuarely with the mathematics teacher: 
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To the greatest part ot society the mathematics 
te-ather is the primary source of people's vu^us 
on and attitudes toward mathematics, and the 
«lu<'stion of knowledge about mathematno on Ih'* 
teacher's side is thertffore not a mewrly ai.idemii 
quesUon but of great s(K ial important t» (utte, 
1979; p. 124-12S) 

One explanation' tor the dualistic viru r-l mat liem.j I n s so Lormuon 
imon^ pupils IS that the mathematics they eruuunlt^r in s(h<M)j teii<is to 
be mathematics in its finished turm. not maUiematifs iii themakiriK. 
That IS, they frequently are shovvii completed pnoofs, rules, formulas, or 
ilgorithms instead of experiencing the problrm-sol v i process through 
which those conclusions were derived. 

Here we- return to the ramifications suggested earlier m our first 
concern Bec<aise teachers have not made problem-solving an intrinsic 
part of their own behavior, they have not integrated it throughout then- 
teaching. Pupils, in turn, have formed attitudes about mathematics that 
are inconsistent with true prob lem-so 1 v iig as the central focus, the 
core of mathematus, and they haw carrit<l these altitudes into achilthuod. 

i 

Vre must be careful here not to coniuse responsibility and blame. 
Blame implies disapproval, reproach, censure, an<l there is nothing to l^e 
Kained from blaming teachers for performing as they liave bc*<»n taught ''to 
perform. Responsibility, on the other hand, recogni^'.es the vital role 
oi the teacher as the principal agent or, cause of pupils' attitudes 
about mbt hejnat I cs , and il should cause teachers to takc^ seriously the 
signi I icance ut their impact on pupJs .ui»i on the jjublu. Responsibility 
also shoiiM cause teacher educators to taKe se r i ous 1 y t he i r duty to help 
teachei:> deve^lop the kind of catholic view ot mathem<U»es that we 
seem to be expecting from them. ^ 

A tmal concern arises tiom the (o*nplex r e 1 a^tfTonsh i p that exists 
betwcHMi deveiopmenl s, m teacher education and research on teaching and 
teacher education. There exists, a certain contemporary incMitality of 
accountability that 'wants to demand proot or research based on an 
engineering moilel otj the systematic manipulation of variables to arrive 
at cone Iv'Mons characterized by an extreme degree of certainty. In the 
behavioral- sciences , including education,' this approach is/iot always 
applicable. However, influenced by the accountability menc^ality, we may 
be tempted either to demand firm evidence drawn from such research 
before we implement any change or to dismiss as inconsequential any 
ittt»mpts at change not based on such research. 

A <lifferent position was taken by McKillip who, in making a case 
for t ompetency-based teacher e*lucation (CBTE), asserted: 

It IS not necessary, m advocating rBTl., to [»ro<luce 
rese.irth evidence showing the CBTK is bettei than 
or even as.goo<i,as existing programs. The* non-l^BTK 
J programs in existence are not based on research and 

did not displace programs which preceded them because 
they were pioved better. (McKillip, 1980; p. Ab ) 
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The above statement is not <nioteti as justification tiiat "anything 
goes** or that we are free to be irresponsible in espousing any progr<>m • 
at all. However, McKillip does remind us that often we hav^. no more 
research-based evidence for retaining previous methods than we have for 
trying newer approaches. 

(Jooney gave further insight into our situation with this obser- 
vation: 



Before much progress can be made with respect to 
research in mathematics teacher education, work 
' needs to be done in delineating the nature of \ 

delivery systems, the nature of the content of 
mathematics teacher education programs, and 
the range of expected outcames from the programs. 
Competency based teacher education (CBTE) 
programs have provided some impetus for laying 
out the^various domains, although the task 
does not have to be couched in a CBTE context. 
(Cooney, 1980b; p. 469) ' 

Elsewhere, reflecting on the type of research needed in mathematics 
teacher education, Cooney concluded: ■ 

Not necessarily research in terms of highly so- 
phisticated statistical techniques. But rather 
research in terms o( a serious re ion about 
what we as teacher educators are all about, what 
we wish t6 accomplish, and how best we can 
accomplish whatever our primary objective 
is. (Cooney, 1980a; p. 12) 

We raise this concern about research lo acknowledge that the 
approach to teaclier education which is discussed in these pages is not 
based on statistical analyses of experimental data. It is, however, 
/oiiceived in the spirit of the serious reflection for which Cooney has 
called, and it is offered m response to the challenge, again from 
Cooney; 

li we wish to take seriously the e<Uication of 
mathematics teachers, we have a responsibility 
to seriously reflect upon what that special 
knowledge is which permits professional mathe- 
matics teachers (sic) and to consider what 
processes exist when teachers ac(julre that 
knowledge. The process 6f educating the pro- 
fessional mathematics teacher is too important 
to allow ourselves to be moved by whimsical 
forces. We i^hould, nay, must reflect upon 
our Work and continually pose questions for 
at Irast our c^uu realization. That is what 
.1 profession is all about. (Cooney, P^BOa; 
p. IS) 
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Goals of This Project 

The major goal oi this undertaking, is to reflect upon nutheinatjcs 
teacher education in the manner described, by Cooiiey. We will do this by 
suggesting a t<)xonomy of mathematics teaching as a framework for the 
development of an ori-going teacher education program. 

As noted, earlier, we will limit our applicatiori ot this taxonomu 
scheme to the education of secondary school mathematics teachers for two 
principal reasons: first, because each subject field requires of the 
teacher certain unique types ot knowledge and skills; and, second, 
because attempts to be too general usually result in no action. At the 
same time,^ we >js?ish to avoid being so prescriptive tliat other educators 
cannot personalize and adapt these ideas to their own situations. 

Specif ically, then, we set forth the following goals for the 
remainder of this reflection: 

1. To present a broad overview of developments in mathematics 
teacher education as a perspective from which to view our 
present position. 

2. To propose a taxonomy for mathematics teacher education. 

3. To illustrate and expand upon the taxonomy through selected 
examples , 

4. To d €*scribe the operation of a teacher education program b.ise»l 
upon the taxonomy. 

*>. To relate thf taxonomy to the on-going, dtwelopmental nature 
of teacher education from preservice though induction to 
continuing professional education, 

6. To suggest content and experiences for inclusion in a tcMcher 
education program. 

7. To offer a model for designing a program based on the 
^ taxonomy. 

8. To report preliminary experiences with and evaluations of the 
model . 

In this way we hope to initiate the kind of reflection advocated 
JMrlier. We hope to call attention to many aspects of mathematics 
teacher education and to offer a framework upon which others can build. 
We wish only to describe, not to prescribe, and we invite. others to find 
their own expressions of these ideas in each one*s unique contribution 
to the continuing professional education of mathematics teachers. 
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chapter Two 

Overview of Developmont s in Matliemalus Teacher Kdui.itvon 

In mathematus, as m any field, one cannot dissociate activities 
in teacher education from trends and activities in the discipline as a 
whole. In order to consider the recent evolution of teacher education 
in mathematics, it is useful to view these d(»velopments in the context 
of activities in school mathematics overall. 



Recent Developments in Mathematics Education 

The 1950s and 1960s were decades of extt»nsive curriculum reform in 
school mathemat ics ~- the period which came to be known as the era of 
the "new math." Although there were numeroub distinct and independent 
curriculum projects during that period, a common characteristic of the 
efforts was their emphasis on the content of school mathematics: on new 
topics, new organization, new emphases, new grade placement. As a 
result, there emerged a consequent urgent ne(»d for teacher training, 
especially for in-service education to prepare teachers for the new 
curricula. There also existed a prevailing climate of support and 
encouragement for those curricular efforts, and money for in-service 
teacher education usually became available. Hence, in-service summer or 
academic year institutes with financial support for participants grew in 
number. A later report estimated that twenty-five percent of junior 
high school and thirty-seven percent of senior high school mathematics 
teachers attended one or more NSF-sponsored institutes (Weiss, 1978; p. 
69); another report placed the estimate at thirty-five percent of 
mathematics and science teachers (ERTC, 1979; p. 4). 

Another phenomenon of the period was the establishment by profes- 
sional groups of committees or commissions to study teacher education^ 
and to report their recommendations. Four such reports issued between 
1959 and 1961 came from the Commission on Mathematics of the College 
Entrance Examination Board (CEEB), the Secondary School Curriculum 
Committee of NCTM, the Subcommittee on Teacher Certification of the 
Cooperative Committee on the Teaching of Science and Mathematics of the 
American Association for the Advancement of Science (AAAS) , and the 
Committee on the Undergraduate Program in Mathematics (CUPM) of the 
Mathematics Association of America (MAA) . Their recommendations are 
reviewed in the Thirty-second Yearbook of the NCTM (1970), but in general 
the focus was on the college mathematics needed by secondary school 
teachers. The 1961 CUPM recommendations and their 1966 revision, in 
particular, have frequently been credited with having had an impact ^n 
mathematics education for elementary teachers, largely through a marked 
increase in the mathematics requirements of colleges and universities. 
Requirements for secondary school teachers continued to emphasize a 
major in mathematics with one or more courses in education, especially 
teaching methods. 

In the decade that followed, the 1970s, the emphasis in school 
mathematics was on a return to the basici./* and less emphasis was given 
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to teacher education. In 1975, the National Advisory Co'iimittee on 
Mathematical Education (NACOME) of the Conference Board of the Mathe- 
matical Sciences published its OverWew and Analysis of School 
Ma th emat ic s , ^^,^^^'^_^J'^'^y extens ive -report on objectives, Current 
practices, and attainments in mathematics education. In attempt ing to 
survey developments in teacher education, NACOME was forced to conclude: 

The dominant feature of the mathematics teacher 
education picture is the absence of hard data 
concerning programs and practices, requirements, 
and characteristics of the products. Much of 
what IS written, discussed in conferences, and 
used to justify recommended programs is based on 
sketchy impressionistic data, random cases of ^ 
innovative activity and research, and opinion. 
ItyAs impossible to even attempt a description of 
^-^^c "typical" graduate of a teacher education 

pre-service program, much less that same individual 
after possible exposure to a wide variety of 
in-service training experiences. (NACOME, 1975; 
p. 81) 

Later, noting that a" 1971 revision of the CUPH recommendations had 
failed to achieve the impact of the earlier statements but, instead, had 
been "largely ignored," NACOME suggested that: 

Attention to mathematical education in teacher 
training seems to be cyclical, ranging from 
positive emphasis to indifference. The climate 
of the 1970s has not been friendly to the 
concerns of mathematics teacher educators except 
as they fit the general trends and favored 
fashions in the field of professional education. 
(NACOME, 1975; p. 86) 

The 1970s did, however, see a continuation of the trend in commission 
reports and recommendations. In 1971 the AAAS and the National Associa- 
tion of State Directors of Teacher Education and Certification (NASDTEC) 
published new guidelines and standards for the education of secondary 
school teachers of science and mathematics. The report posed twelve 
guidelines for planning, implementing, and evaluating programs and 
recommended content and experiences for secondary teachers. Of those 
twelve guidelines, three which spoke directly to the content of mathe-- 
matics for prospective teachers were the following: 

Guideline VI: An undergraduate program for secondary 
school mathematics teachers should include a major 
in mathematics of sufficient depth to make possible 
further study of mathematics at the graduate level 
in areas appropriate for teachers. 

Guideline VII: An undergraduate program for secondary 
school mathematics teachers should include a 
substantial experience with the field of computing 
as it relates to mathematics and to the teaching 
mathematics. t 
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Guideline VIII: An undergraduate program for secondary 
school mathematics teachers should provide sub- 
stantial experience with mathematical model 
building so that future teachers will be able to 
recognize and construct models illustrating 
applications of mathematics. (AAAS/NASDTFX, 
1971) 

Guidelines VII and VIII above reflected two emerging trends in 
mathematics teacher education. In addition to the traditional 
mathematics major based on calculus, algebra, geometry, and analysis, 
more attention began to be directed at computing and at the applications 
of mathematics. 

Other guidelines in the AAAS/NASDTEC report called for: 

experiences that foster continuous growth in those 
human qualities of the teacher that will enhance 
learning by his students. (I) 

knowledge and experience to illustrate the cultural 
significance of science, to relate science and 
mathematics through technology to social conditions, 
arid to apply the analytical methods of science in 
multidisciplinary approaches to studying and 
solving societal problems. (II) 

opportunities for prospective teachers to gain 
insight into the intellectual ^ad philosophical 
nature of science and mathematics. (Ill) ^ 

experiences which require the prospective teacher 

to seek out and study concepts which are new to him, 

tind then to synthesize written and especially oral 

expressions of them designed for others for whom 

these ideas are also new.* (IX) 

experiences which will enable the prospective 
teacher to learn about the nature of learning, 
conditions that help young people learn, and how 
to maintain a proper learning environment. (X) 

development ot the ability of the future teacher 
to select, adapt, evaluate, and use strategies and 
materials for the teaching of science or mathematics 
so that teaching - learning situations for which 
he is responsible will be consistent with general 
knowledge about teaching and learning and will be 
appropriate both to the special needs of the 
learner:s and to the special characteristics of the 
science disciplines or the interdisciplinary 
problem. (XI) 
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development of the (opacity and^the disposition 
for continued learning in mathematics and science 
and the teaching of these subjects. (XII) 

In addition to the twelve guidelines, the AAAS/NASDTKC recommend- 
ations also proposed four standards that outlined criLeria lor teacher 
training institutions. One of these > Standard 3, stated: 

/ 

Teacher education institutions sho^uld develop perfor- 
mance criteria as guides in planning teacher education 
experiences, in- evaluating teacher education programs, 
and in assessing the ability of prospective teachers to 
contribute to effective learning. 

This standard reflected another phenomenon of the 1970s, the emergenca 
of competency-based teacher education (CBTE) or performance-based teacher 
education (PBTE) as a model for teacher training. Because the notion ot 
competency-based education is related 'to the model of teacher education 
outlined in this hook, we will discuss it at grea^ter length in a later 
section. 

In 1973, the NCTM issued its "Guidelines for the Preparation of 
Teachers of'Mathemat ics** whi ch p roposed a rea s of academic and p rof essoiia 1 
knowledge, professional competencies and attitudes, and institutional 
responsibilities. Although stated as competencies, the guidelines did 
not constitute a framework of a CBTE program nor did they speak to CBTK 

'They did, however, suggest the scope of mathematical content , 
"^humanistic and behavioral studies, teaching and learning theory, 
laboratory and clinical experiejices, and practicum and pre-certification 
teaching experiences recommended for mathematics teachers at various 
grade levels. In 1979 a revised set of guidelines was published that 
expanded on the competencies in the origiruil list. These guidelines can 
sejrve as an excellent starting point for developing the kind of teacher 
education program that we will be describing in this book. 

Another 1973 document was the "Report of the Conterence on the K-12 
Mathematics Curriculum" which summarized a conference held at Snownuiss, 
Colora'do. The Snowmass conferees also addressed the question of teacher 
rnlucation and called for: 



the investigation and development of innovative 
approaches to better prepare teachers; 

a focus on children and on the learning patterns 
and problems of pupils; 

the combination and coordination of content, methods, 
and school experiences in teacher training; 

the involvement of in-service teachers in prt*-servic(* 
teacher training; 

needed research into methods of educating teachers 
to think mathematically; and 
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^ on-going support /)t chango mechanisms for malluMnat i rs 
teaching in the schools. 

The Snowmuss Confereiico offers an in^»r(»sting contrasj. to the 
Cambridge Conference held ten years earlier. The Cambridge Conference, 
which was attended only by mathematicians holding university positions 
or the equivalent, was cited earlier for it>s attention to curriculum 
without regard for teacher education. Elsewhere in the Cambridge* 
Conference report was the acknowledgement that the conferees had made no 
attempt to take <)ccount of recent research in cogni tive, psychology such 
as the work of Piaget (Cambridge Conference, 1963; p, 3), These are 
some indicators of the shift that occurred in mathematics education, 
from a focus on curriculum to a focus on instruction and on the need for 
cooperation and interaction between colleges and universities on the one 
hand and teachers in the schools' on the other. 

The other major professional organization to propose guidelines for 
mathematics teacher education was the MASS, In 1^75 the, MAA guidelines 
were revised by a committee of both MAA and NCTM, The guidelines, 
however, focused on minimal course offerings expected of mathematics 
departments and on the quality of instructqrs for those courses, not on 
the requirements for the teacher education degree* (NACOME, 1975; p. 90). 
In 1978 the MAA*sponsored a conference, PRIME-80, to dicsuss prospects 
in mathematics education in the 1970s. Among its recommendations were a 
call for a redefinition of the mathematics skills essential for every 
citizen, a call for a reexamination of the content of pre-college and 
college mathematics, and recognition of the need to reexamine the 
mathematics needed by both pre-service and in-service teachers. The 
conference did not , Uiowever , elaborate at that time on the reconmiendations 
for teachers. 

Two other events of the 1970s should be noted as significant bench 
marks in mathematics education: the three NSF studies of 1977 and the 
national assessment in mathematics conducted in 1972-73 and again in 
1977-78. The NSF studies produced the portrayal of mathematics teaching 
described in Chapter One. They also provided data on some of the trends 
;n mathematic enrollment, in curriculum, and in teacher characteristics 
and needs. Among the conclusions generalized from the three studies 
which have relevance for our discussion here are the following: 

The terms "dull*' and "boring" were used with 
great frequency when describing pupils* 
attitudes toward their mathematics classes. 

Teachers reported one of their most difficult 
problems to be the motivation of pupils to 
learn mathematics. 

Teachers at all levels identified learning new 
teaching methods and implementing discover/ 
inquiry approaches as the'*nspects of their 
)ob,s with which they needed most help. 
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Teachers appeared to be very happy with the^ 
back-to- the-basics movement of the time and . 
they applauded the emphasis on traditional 
content, instructional methods, and higher 
standards of student performance associated 
with the movement. 

Many teachers thought too much emphasis had 
been placed on discovery learning, hands-on 
demonstrations, field study, and contemporary 
topics. ^ Many also believed that ma>tery ol 
certain s'kills is an essential pren^quisi te 
for concept learning and creativity. 

— The most common view of mathematics reported 
by elementary teachers was that mathematics 
is a collection of rules and procedures to 
be learned to a level of high proficiency. 
Secondary teachers also emphasi'zed algorithmic 
performance and tended to see the major reason 
for studying mathematics to be preparation for 
more advanced mathematics. 

Teachers were characterized as displaying lack * 
of vitality, la'ck of interest, lack of creativity 
and curricular risk taking, lack of enthusiasm 
for teaching even sometimes a negativism 
toward children, colleagues, administrators, and 
university training programs. (Fey, 1979) 

The above is a selective, perhaps overly simplified, list of con- 
clusions from reports that fill many large vohmies. Fey, in synthesizing 
these and other generalizations, added the follo\/ing caveat: 

For many teachers, supervisors , 'and curriculum ^ 
developers the picture of school mathematics 
assembled by the three status surveys wil) seem an 
exceedingly negative and inaccurate description 
of the teaching they see. It is tempting to 
dismiss the many critical quotations and inter- 
pretations of data as a product of biused 
investigators looking for a crisis that isn*t 
really there. However, there is a consistency 
to the findings of all three NSF studies 
each by independent teams of investigators 
that makes the findings hard to ignore. (Fey, 
1979; p. 503) 

Fey went on to suggest t^hat the most discouraging feature of the three 
NSF studies is the constant pattern of great difference between what 
appeals to ^charac ter ize mathematics education in most schools and what 
is recommended by prominent teachers, supervisors, and professional 
organizations . 
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The other studies that should be mentioned were the l\*y national 
assessments in mathematics. The 1972-1973 assessment of the mathemat i c ;\1 
achievement of nine-, thirteen-, and seventeen-year'-oJd pUpils, plus .a 
group of young adults, was the first nationwide testing of this typo. 
Hence, the findings of that first NAEP gave only a picture oi the 
mathematics achievement levels of pupils in 1972-73. No conclusions ^ 
could be drawn about that achievement compared to past performances. 
Despite this limitation, NAEP results, together with test scores from 
local, district, or state testing programs, frequently were cited by the 
media, by the public, by school boards; and even by educators as evidence 
that mathematics achievement was dropping or as rationale for promoting 
the back-tfo-the-bas ics movement. 

When results from the 1977-78 NAEP were released, beginning in 
1979, the outcomes were widely pitbliciiied , probably because the results 
came as a surprise and/or a disappointment to some critics of education. 
In addition to official NAEP reports and analyses published in professional 
journals, hardly a newspaper ar news magazine failed to report the 
bottom line: pupils at allAage levels (nine, thirteen, and seventeen 
ye'ars) performed quite satisfactorily on items reqiiiring^ computation and 
algorthmic. manipulation; their performance on problem-solving items, 
however, either declined significantly in many areas or remained at 
unacceptably low levels. 

The back-to-the-basTcs movement, advocated by rts supporters as the 
remedy for declining mathematics achievement, had been a questionable 
success. It had apparently achieved .that which it was designed to do: 
increase pupil performance in computational exercises. It had not, 
however, contributed to the development of higher level mathematical 
goals, especially problem-solving. ' 

It was argainst the backdrop of this situation in mathematics 
education that NCTM issued its Agenda for Action , which set forth the 
following recommendations : 

1. problem-sol vinp be the focus of school mathematics 
in the 1980* s; 

2. basic skills in mathematics be defined to encompass 
more than computational facility; 

3. mathtMnatics programs take full advantage the 
power of calculators and computers at all grade 
levels; 

4. stringent standards of both effectiveness 
and efficiency applied to the teaching of 
mathematics ; 

the success of mathematics programs and student 
learning be evaluated by a wider range of measures 
than convent ioiial test ing; 



6. more mathematics study be required for all students 
and a flexible curriculum with a greater range oi 
options be desigi^ed to accommodate the divers needs 
of the student population; 

7. mathematics teachers demand of themselves and their 
colleagues a high level of profess ijona 1 ism; 

8. public support for mathematics instruction be raised 
to a level commensurate with the importance of mathe- 

^ matical understanding to individuals and society. 
(NCTM, 1980) 

It IS from this point, then, that we look to the question of the 
education of secondary mathematics teachers. First, however, it is 
appropriate that we examine more carefully the status of competency-base*! 
teacher education in mathematics. 



^ CBTE in Mathematics Education 

Compe_tency-based teacher education cime to the fore around the 
beginning of the 1970s. Briefly, CBTE designates a program in which 
peirformanve goals are specified in advance of learning and in which the 
student is held accountable for attaining and demonstrating a designated 
level of competence in performing tasks considered to be essential to 
teaching. The emphasis is on output or performance; hence, achievement 
IS held constant and the time for reaching that achievement level is 
allowed to v«ary. Thus CBTE is based on assumptions that differ signif- 
icantly from the assumptions underlying course-based programs in which 
time is Held constant and achievement is the variable. To accept the - 
assumptions of CBTE is to undertake a significant reorientation in 
t(?acher education. 

There was no widespread enthusiasm for CBTE wilhm mathematics 
education. Perhaps this is due to timing, as the mounting momentum for 
CBTE Urgely coiiicided wich a period of slow-down in mathematics teacher 
t-ducation which follc^ved the period of fervor and generous funding of 
the earlier "new math'* era. 

In 1975 MACOME recognized CBTE as 'Mikely to have the most profound 
consequences for teacher education in the im.mediate future" (NACOME, 
1975, p. 97), but at the same time they leveled guarded criticism at 
NCTM for failing to take a stand on 'the i^ssue: 

The NCTM Commission on the Education of Teachers of 
Mathematics has reported it will not take a stand 
until more evaluative evidence can be provided. This 
is no doubt an objecfri've and scientifically sound 
position but has resulted in silence on the part of 
MCTM as an influence outside its own membership on M 
highly sensitive and political matter whiph has 
serious implications for mathematics educal ion . 
(NACOME, 1975; p. 99) 
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NACOME furllier ciled-as politically more sensitive Lhe art ion ot 
the National Council of Teachers of English urging educators iiot to move 
exclus ively into CUTE without more lesearch .md ohjt'ctivf* «, valual loii. 
They went on to advance their own vi ry (^xphcit position: 

The members of NACUME also Lnke the position that 
neither tedrher "educat ion nor certification pro- 
cedures should be based solely on competency or 
f performance-based criteria without a Sound empirical ' 

rationale. Furthermore, we believe that lhe crusade- 
like zeal and bandwagon mentality with which these 
concepts are sometimes promoted and accepted is a 
real and present danger ^to mathematics education. 
We urge responsible authorities in both public 
and private sectors Lo in.sist upon sound and 
objective justi f ica^tion before embarking upon a 
course with such profound implicati^ons. 

There, are undoubtedly positive results possible 
from a thorough, dispassic^nate. objective study of 
whal competencies, abilities, skills, and knowledge 
relate directly to effect^ive successful teaching. 
Clarification and agreement on broad goals for 
mathematical education are , hovJever , a necessary 
condition and prerequisite* lo determination of 
such competencies. At present, we seem to be a 
long way from these ideas. Reasoned and responsible 
investigation and argument from both sides of the 
issue are sorely needed. (NACOME, 1975; p. 100) 

In 1976, NCTH dijd take a stand consistent with the NACOME recommend- 
ations. The brief position paper read as follows: 



Recommendations 
On Competency-based 
Teacher Education 

The NCTH is" convinced that there ire t^ood and bad competency- 
based teacher education (CBTE) programs just as ihere are 
42;cw>^}--fmdH>a^-non-«iGiyffi— p^r-o^g-i^ams-: — An y a ss^rsmneTrr^f^UeaTKer 
performartce must recognize that the teacher tunct^ions as 
an integrated whole, and lhe identification and assessment 
of competencies necessary for the successful teaching 
mcithematics require the skills of those working in the ^ 
discipline. Some regions have mandated an approach t6 
certification without specifying the need to include 
representatives from the fields of mathematics education. 
(The CounciTs document, "Guidelines for the Preparation ^ 
of T^nichers of Mathematics," is an effort to delineate 
better the competencies needed by the beginning mathematics 
teacher.) Therefore, to reassert the need to encourage a 
variety of creative approaches to th" complex problem of . 
teacher education, the Council makes these five recommend- 
ations : 



That CBTE, however defined locally, not be used 
exclusively by certification j^odies until more 
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research and evalujtion of its oulcome^s are 
aval lable . 

2. That the competencies identified in the 

''Guidelines" be used as baseline competencies 
for purposes of teacher education and that 
eftorts to identify and assess additional 
competencies, in particular those observable 
only in the classroom, be encouraged. 

J. That eva 1 uut i on in te icher educat i on progratns 
be characterized by systematic asse*ssment . ol 
all competencies over a period ol time to 
identify consistent and effective performance. 

4. That the identification and assessment of 

performance related to mathematics teaching be 
chiefly the responsibility of professionals in 
the field of mathematics education: college 
professors ot mathematics and of mathematics 
edunrtnon , school mathematics teachf^rs, and 
mathematics supervisors. 

5* That representatives from the mathematics 

education community bt> involved in the develop- 
ment of competencies ind assessment procedures^, 
relative to mathematics teaching and that if 
NCTM affiliates , in these areas have prepared 
guidelines, those guidelines be used -as a 
framework against which proposals can be judged, 
and if such guidelines are not* avai lable, the 
NCTM's '^Guidelines*' bo used. (NCTM, 1976b) 

Not so cautious, however, was an earlier recommendal ion by the 
. AAAS/NASDTKC. That position was embodied in Standard 3 of the 19 71 
guidelines <x\\A standards cited earlier. It directed institutions as 
follows: 



^^^fJ^^^L education insti t.i»,ions sihould ^levelop perfor- 
mAPv?e criteri a a s guide s in plaimin;^ _^r„^^'ji^r «-ducatiori 
? iifi?. Vi£!}5£.l2 in evalnat xug teac her educa t i o ii_p rog^i ms , 
and in assessing the a bility of prospective tcachei;s 
to c ontribute to effe ctive l eara i ng. 

Some of the skills and competencies that an effective 
teacher has can be described in performance terms. Each 
faculty member who teaches teachers should describe in as 
much detail as possible what he expects his students to 
be able to do upon tho completion of the part of the 
pre-service program for which he has a responsibility. 
The description will include thi» knowledge and skills 
that a beginning teacher would be expected to have or to 
demonstrate . 
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Tlu" developnu*nl and goiu'r.il use oi a chocklisl o( 
performance criteria for the lot.il program should become 
a joint effort of the teacher education faculty, students, 
and cooperating school personnel. Furthermore, iU. is 
important that any checklist be continually revised and 
updated to respond to new understandings about learning 
and to reflect changes in education in the schools. 

'A checklist of performance criteria, cooperatively 
developed by all those concerned with teacher education 
programs, can serve many useful purposes, such as: 

1. planning modifications of programs and intro- 
ducing innovati(ms; 

2. assessing ttie effectiveness of the teacher 
education prograjus of individuals and groups; 

3. counseling students before and after admission 
to teacher education programs; 

A. assisting future teachers in determining their 
own success and failures, in identifying 
competencies they need before ent6>ring teaching, 
and in assessing for themselves the likelihood 
that they will become happy and successful 
teachers; ^ 

S. recommending beginning teachers for certi- 
fication on evidence of attainment of 
competeucie<; described in the checklist; and 



6. identifying problems for investigation and 
research. 

Certification and accrediting agencies should urge 
tejcher education institutions, where possible, to develop 
li-sts of performance criteria and to base their recom- 
mendations for certification on eviilence oii attainment of 
competencies described in these lis^s. Oimr information 
about future teachers should also be utilised in recom- 
mendations for certification, but evidence of acquisition 
of certain skills and competencies can be a source of 
important objective information (AAAS/NASDTEC, 1971) 



A closer look at mathematics teacher education programs provides 
turther insight into the extent to which CBTE trends and recommendations 
from the profession have been translated into practice. In describing 
the situation, ^^ACOME reported that: 

The senior high school teacher's content preparation 
IS I ittle changed f roin the 1960s exc(*pt that more* 
recent graduates are more likely to have worked with 
computers, are more likely to have take courses 
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in probability and statist us arui jx^rliaj^s ( omb uiat oi i »• , 
y and may have been exposed to some s<*nous work in 

applications or modeling. (NACOMK, 197S; p. 8S) 

There is little evidence of recent vvi(ies[)r^Md 
change or innovation in the methods ^.omponeut 
of the secondary teacher education progiam. 
Perhaps an exception is the growing use ot 
video taping. In 1972 a survey of mathematics 
educators was carried out to determine 
rerommenda t ions for secondary t^^acher educal ion . . . 
A large number of changes in practice were 
suggested. A near consensus was found on the 
need for earlier and more extensive observation 
and field experience prior to student teaching. 
(NACOME, 1975; pp. 87-88) 

These NACOMI-^ generalizations are substantiated by other evidetue. 
A set of papers entitled "Promising Practices in Mathematics Teacher 
PMucation" was compiled for a torum on mathematics teacher education at 
the NCTM annual meeting in 1972. Included were several papers describing 
secondary methods courses and/or practicum components based on competences, 
behavioral objectives, or performances. The most common features in 
these seemed to be field experiences and microteaching. None reporte*! 
full scale CBTE programs in secondary matfiemat ics . 

An examination of the programs of the next five annii*rl meetings ot 
NCTM (197 3 through 1977 , a period m which CBTE was receiving much of 
its attention) revealed seventy-three presentations classified as Ceacbei 
education sections. One of these dealt with the theory and eva 1 ua 1 1 on 
i>f OBTK in general; two secondary teacher education sections were of the 
""how to" variety (e.g., ''how to write a module"); two sections describtMi 
element jr> CBTE programs for mathematics; and two others described progr<nns 
in which the grade level was not clearly indicated. None of the descrip- 
tions gavt» hn indication of a total CBTE degree program. It would appear 
that CBTr was not widely accepted by practitioners in mathematics 
^'ducation, • 

A similar survey ot research reported m mathematics education 
supported the conclusion of lack of activity in the area of CBTE. 
Annual reports by Suydam and Weaver published in the Journal^ for Research 
111 Mathematics Education reviewed the research, both journal artules 
and dissertations, published during those same years. There appeareii a 
tew assessments of "teacher competency'* in which competency was 
determined by ascertaining the years of training and mathematical bai k- 
>;round of the teachers, but no evaluations of total CBTE programs tor 
stHondary mathematics teachers. In Roth's (1977) review of CBTE programs 
ot institutions which could provide evaluation data, none reported were 
in mathematics. Presumably institutions with total CBTE programs also 
.luludtMl mathematns teacher edutition, hut, it so, they were not being 
r'^ported in the professional literature in mathematics education. 

Every alternative has strengths and limitations. CBTE is no 
^•xception Elsewhere* we have discussed some of the p>ros and cons of 
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CBTE (House, 1975), and the literature of education contains iminerous 
other books and articles on both sides of CBTE. To recount those argumtMils 
is not to our purpose here. But, as many have recognized, the osscnlial 
element of CBTE to identify and describe the desired outcomes of 
teacher education and to provide learning experiences that are de.signed 
to facilitate the student's dovelopmenU and demonstration of those 
objectives offers certain advantages. In particular, it can' be the 
starting. point for our reflection about what we wish to accomplish and 
how bestHo proceed. It is in this spirit that we recognize the potential 
in CBTE; the extent to which we espouse the approach will become clearer 
as the teacher education model develops. 

Goals of Secondary School Mathematics 

Since the goals of teacher education are derived from conceptions 
of the teacher's roles and responsibilities, let us consider next the 
goals of teaching secondary school mathematics and some of the forces 
that affect the teacher. 

The mathematics courses commonly offered in the secondary school 
curriculum include one to three years of general mathematics (usually in 
the junior high school), at least tvvo years of algebra, plane and solid 
geometry, trigonometry, introductory analysis, and, in some cases, 
consumer mathematics, introductory calculus, and computer science. In 
addition, short courses or units within one or more of the above courses 
are frequently available offering introductions to such topics as 
probability, statistics, transformational geometry, applied mathematics, 
linear algebra,, set theory, group theory, logic, topology, number theory, 
or non-eculidean geometry. 

On the surface, the basic courses enumerated above appear to be 
fairly constant and the list bears a strong similarity to the courses of 
studies listed by high schools in the past. In reality, mathematics is 
a discipline that has undergone marked change in the past quarter-century, 
and NACOME was forced to conclude that ''today mathematics teaching is a 
troubled profession" (NACOMi:, 1975; p. ix). 



Chanjgj.njg emphasis in mathemat ics 

Perhaps mathematics teaching has, to some degree, always been a 
troubled profession. The Thirty-second Yearbook of NCTM recounts the 
history of mathematics education in the United States and points out the 
constant tension between the desire to approach mathematics as a formal 
system in its own right -or as mental discipline, and the thrust to 
present mathematics as a tool useful to the learner. Over the years a 
number of committees and commissions have issued goals and recommendations 
for school mathematics (see NCTM, Thirty-second Yearbook, 1970). Under- 
lying those reports are assumptions about the basic mathematical needs 
of pupils which Johnson and Rising summarized as follows: 

1. Pupils need to know how mathematics contributes to 
an understanding of natural phenomena. 
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2. Pupils need to understand how to use maLhoniatual 
methods to investigate, interpret and make decisions 
in human a f fa i rs . 

i. E^ipils no(Mi to understand how nii* themal i c s , as a 

science and as an art, contributes to the rulliiral 
heritage. 

4. Pupils need to prepare for vocations in which one 
utilizes mathematics as a producer, and consumer 
of products, services, and art. 

5. Pupils need to communicate mathematical ideas 
correctly and clearly to others, 

(Johnson and Rising, 1972; pp. 44-45) 

In order to meet such needs, mathematical goals must be broader and 
more inclusive than computational facility (arithmetic) alone. Both the 
Committee on Basic Mathematical Competencies and Skills of the NCTM 
(1972) and the National Assessment of Educational Progress (1970) have 
addressed the goals of school mathematics on three levels; i.e., 

1. as a tool for effective citizenship and personal living, 

as a tool for functioning in a technological world, ami 

3. as a formal system in its own right. 

Coi^sideration ol the three levels of mathematical godls suggested 
above helps bring into perspective the curricular changes of the last 
quarter-century. In surveying these changes, NACOME summarized the 
phenomena as follows: 

Mathematics program improvements of the "new math" 
1960s were primarily motivated and designed to 
provide high quality mathematics for college 
capable students particularly those heading 
for technical or scientific careers. Guidance in 
the curriculum development came largely from 
university and industrial mathematicians, and the 
model for curriculum structure was the logical 
structure of mathematics. Today mathematics 
curriculum development focuses on issues largely 
ignored in the activity of 1955-1970. Responding 
to the concerns of classroom teachers, as well as 
educators and laymen interested in the basic goals 
of general education, attention has now shifted to 
programs for less able students, to minimal mathe- 
matical competence for effective citizenship, to the 
interaction of mathematics and its fdelds of 
application, and to the impact of new computing 
technology on traditional priorities and methods in 
mathematics. Furthermore, the dominant role of 
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mathematical structure in organizing curricula has 
been challenged by many who advocate pedagogical or 
psychological priority in determining scope and 
sequence. (NACOME, 1975; p. 23) 

The most obvious manifestation of the changes in mathematics 
education which dominated the 1970s was the movement popularly described 
as back-to-the-basics . To many the slogan suggested a return to drill 
and practice in computational skill, and it implied a swing of the 
educational pehdulum to the content and methods of a previous era. We 
will elaborate on basic skills later, but back-to-the-basics also serves 
as a reminder of the danger of trying to oversimplify the complex task 
of teaching mathematics. In reality, many significant forces impinge on 
the mathematics curriculum, and these must be examined more closely if 
one is to derive an adequate conception of the role of the mathematics 
teacher. 



Learning theories 

One such force is the growing body of knowledge of how children 
learn mathematics. In particular, the work of Jean Piaget and the large 
number of studies influenced by Piaget's work indicate that the thinking 
of children is qualitatively different from that of adults and that, 
consequently, children cannot be expected to behave like little mathe- 
maticians. Further, the secondary school curriculum and secondary 
mathematics teachers must take account of the fact that many secondary 
school pupils are still concrete operational or, at best, in transition 
to the formal operational level, and this has implications for teaching 
and learning strategies. Unfortunately, the studies focusing on the 
formal operational behavior of pupils are considerably fewer in number 
than those dealing with earlier stages, and much remains to be learned. 
Nonetheless, the contributions of Piaget and others indicate the need 
for careful reexamination of the appropriateness of previous practices 
in school mathematics and for teacher competencies in designing instruc- 
tion that meets the characteristics and needs of the pupils. 

Instructional alternatives 



Related to the growing awareness of how pupils learn mathematics is 
the increased attention to developing instructional alternatives. 
Notable in this regard is the role of manipulative devices and instruc- 
tional aids as physical embodiments of mathematical concepts. Although 
most^use of laboratory approaches to learning mathematics has been in 
the elementary school, secondary teachers need to develop competencies 
in teaching through laboratory lessons, and the mathematics laboratory 
should be given an expanded role in the secondary school. 

P rob 1 om- s o 1 V I n_g 

In a world of ever-accelerating change, it has become a truism that 
the school curriculum cannot provide pupils with the specific skills or 
algorithms that they will need for future life or work. This is 
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particularly true of the technological applications of mathematics. 
Hence, algorithmic facility as a goal of school mathematics must ho 
balanced against problem-solving in new or novel situations for which 
the pupil does not have a previously establisliod algorithm. Teachers 
must facilitate intuitive and heuristic approaches on the part of the 
pupils in order to develop problem-solving abilities of their pupils, 
and teachers themselves must become problem-solvers. 



Basic skills 

Bolstered by widespread media publicity focused on declining test 
scores in a time of rising educational costs and in a general climate of 
increasing demands for accountability, mathematics and reading became 
targets of the movement back to the basics. On the one hand, the momentum 
of this movement gave rise to increased attention to drill and practice 
of computational skills, a proliferation of worksheets and textbooks 
promising to provide ample practice, and a demand for minimum competencies 
lists and/or minimum essentials tests. On the other hand, the movement 
gave mathematics educators occasion to reevaluate what constitutes 
"basic** mathematical skills. The position paper of the National Council 
of Supervisors of Mathematics (NCSM), issued in 1977; gained widespread 
publicity for its delineation of ten components of basic skills, and 
NCTM in the Agenda for Action reiterated that basic skills must be 
understood to encompass at least the ten NCSM skill areas. The ten 
areas of basic skills identified in the NSCM document were the following 

P rob 1 em- so lying 

Learning to solve problems is the principal reason 
for studying mathematics. Probl<ffiv"Solvxng is the 
process of applying previously ac^ired knowledge 
to new and unfamiliar situations. Solving word 
problems in texts is one form of problem-solving, 
but students also should be faced with non-textbook 
problems. Problem-solving strategies involve 
posing questions, analyzing situations, translating 
results, illustrating results, drawing diagrams, 
and using trial and error. In solving problems, 
students need to be able to apply the rules of 
logic necessary to arrive at valid conclusions. 
They must be able to determine which facts are 
relevant. They should be unfearful of arriving 
at tentative conclusions and they must be 
willing to subject these conclusions to scrutiny. 

Applying mathematics to every d ay situat ions 

The use of maj^hematics is interrelated with all 
computation activities. Students should be 
encouraged ta take everyday situations, translate 
them into mathematical expressions, solve the 
ma^thematics , and interpret the results in the 
light of the initial situation. 
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A lertness to the reas onableness of re sul ts 

Due to arithmetic errors or other mistakes, 
results of mathematical work are sometimes 
wrong. Students should learn to inspect all 
results and to check for reasonableness in 
terms of the original problem. With the 
increase in the use of calculating devices in 
society, this skill is essential. 



Estimation and approximation 

Students should be able to carry out rapid 
approximate calculations by first rounding 
off numbers. They should acquire some simple 
techniques for estimating quantity, length, 
distance, weight, etc. It is also necessary to 
decide when a particular result is precise 
enough for the purpose at hand. 



Appropriate computational skills 

Students should gain facility with addition, 
subtraction, multiplication, and division with 
whole numbers and decimals. Today it must be 
recognized that long, complicated computations 
will usually be done with a calculator. Know- 
ledge of single-digit number facts is essential 
and mental arithmetic is a valuable skill. 
Moreover, there are everyday situations which 
demand recognition of, and simple computation 
with, common fractions. 

Because consumers continually deal with many 
situations that involve percentage, the ability 
to recognize and use percents should be 
developed and maintained. 



Geometry 

Students should learn the geometric concepts 
they will need to function effectively in the 
three-dimensional world. They should have 
knowledge of concepts such as point, line, 
plane, parallel, and perpendicular. They 
should know basic properties of simple 
geometric figures, particularly those 
properties which relate t9 measurement and 
problem-solving skills. They also must be 
able to recognize similarities and differences 
among obj ects . 
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. Measurement 

As a minimum skill, students should be able ■ 
to measure distance, weight, time, capacity, 
and temperature. Measurement of angles and 
calculations of simple areas and volumes are 
also^ssential. Students should be able 
to perform measurement in both metric and 
customary systems using the appropriate 
tools. 



Reading, interpreting, and construct ing 
tab les, charts, and graphs 

Students should know how to read and draw 
conclusions froip simple tables, maps, charts, 
and graphs. They should be able to condense 
information into more manageable or meaningful 
terms by setting up simple tables, charts, and 
graphc . 



Using mathemati cs to predict 

Students should learn how elementary notions 
of probability are used to determine the like- 
lihood of fugure events. They should learn to 
identify situations where immediate past experience 
does not affect the likelihood of future events. 
They should become familiar with how mathematics 
is used to help make predictions such as election 
forecasts . 



Computer Jit^^racy 

It is important for all citizens to understand 
what computers can and cannot do. Students 
should be aware of the many uses of computers 
in society^ such as their use in teaching/ 
learning, financial transactions , and infor- 
mation storage and retrieval. The "mystique" 
surrounding computers is disturbing and can 
put persons with no understanding of computers 
at a disadvantage. The increasing use of 
computers by government, industry, and business 
demands an awareness of computer uses and 
limitations. (NCSH, 1977) 

The posture that teachers assume with respect to basic skills and 
the degree to which teachers will be accountable for the learning of 
these basics by their pupils will have a significant impact on the 
^teaching behaviors required. ^ 
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Calculators 

Few devices have burst upon society as rapidly as did Iho handhold 
calculator. Technology improved and prices dropped in inverse* proportion, 
and within a few years of their appearance, calculators were prictMl well 
below textbooks. Further, calculators were readily available* to everyone, 
and schools would have faced an impossible task had they attempted to 
ban or even ignore them. Quite to the contrary, NCTM (1976a) officially 
endorsed the creative use of calculators in school mathematics and 
reaffirmed its position in the Agenda for Action ; and NACOME (1975; p. 
138) went so far as to recommend that beginning no later than the end of 
the eighth grade, a calculator be available for each pupil during each 
mathematics class. The profession is only beginning to reali^.e the 
potential impact of the calculator, but teachers must be prepared to 
examine the role of computation in school mathematics, the emphasis 
given to certain topics (for example, fractions), and the implications 
for instructional approaches in a calculator environment. 



Computers and microcomputer s 

Although computers entered the school mathematics classroom before 
the handheld calculators, calculators soon outpaced the computer in 
availability, an understandable consequence of the low cost of jc;alcula tors . 
However, the potential of the, computer with its memory and programmable 
decision-making capabilities far outstrips the uses of calculators. Far 
from being antiquated by the advent of the calculator, the computer and,, 
more recently, the microcomputer have become available for even more 
creative instructional uses, since many computational tasks can be 
accomplished without using computer time. Further, the computer and 
microcomputer, as the calculator before them, will soon be geared to 
widespread marketing for personal use. The implications of the yet 
•unrealized and largely unimagined role of computers in mathematics 
classes will bring far-reaching demands for new teacher roles. 

Individualization 

Education in general has, in recent years, been increasingly 
sensitive to the goal of meeting the needs of Individual pupils. At the 
same time, attention was being given to formulating goals and objectives 
for all pupils in terms of expected pupil behavior. Perhaps because 
mathematics is highly cognitively oriented and because much of mathematics 
(or, at least, much of arithmetic) deals with "right answers," mathematics 
seemed particularly suited for translation into behavioral objectives. 
This, coupled with the desire to individualize mathematics instruction 
and influenced by learning theories that favored hierarchical approaches 
to concept development, led many teachers, faculties, districts, and 
others to develop learning packages or modules. For the most part these 
were* individualized only to the extent of being self-paced, but they 
nevertheless changed the role of the mathematics teacher to helper or 
resource person. To the extent that such programs are still operational, 
teachers will need certain relevant competencies; to thcr^xtent that 
these are replaced by other instructional alternatives, teachers will 
need other skills. , 
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New mathem at i^cs 

While certain topics of mathematics have thus far had only limilod 
impact on the school curriculmn, there is general agreement among 
mathematics educators that mathematics of the future will afford *i Kirgci 
role to areas like probability, statistics, and computer literacy. In 
addition, as practice of algorithmic calculation diminishes in the 
curriculum and calculating and computing devices are more widely 
used, attention can be given to topics previously considered prohibitive 
because of the excessive or complex calculations involved. Examples are 
game theory and linear programming. The introduction of these or other 
topics into school mathematics presupposes the necessary competence on 
the part of the teacher. 



Appl ications 

An6ther area of increasing attention in mathematics is the appli- 
cation of mathematics to a wide v.iriety of situations often refened to 
as "real-world*' problems. Also included here is mathematicaJ modrling. ^ 
One implication of this attention to applications and modeling is an 
increasing concern for interdisciplinary approaches which, in turn, 
suggest new expectations for mathematics teachers both in terms oi 
knowledge and in terms of instructional planning and implementation. 

Aff ective co ncer ns 

'Mathematics teachers cannot ignore the importance of the affictive 
dimensions of learning. The role of the pupil's self concept of mathe- 
matical ability as a limiting factor in learning, the debilitating 
effects of ''math anxiety'' and "mathaphobia the relationship of attitudes 
to learning, the importance of success, and the high attrition of female 
mathematics students are among the affective concerns of signif icmce 
for teachers. Awareness of the nature an<l implications of these 
conditions, sensitivity to their existent** in pupils, and ef i ect iveness 
in reducing or eliminating negative outcomes must be counted amonv tlie 
necessary teaching competencies if teachers are to help pupils nol only 
to do and to understand. mathematics but also to appreciate, to enjoy, to 
choose, and to create mathematics. 



Cha ngin g roles f or teachers 

The forces affecting the mathematics curriculum that are outlined 
above also affect the naturv* of mathematics teaching and the necessary 
Iskills and attitudes of the mathematics teacher. Some specific teacher 
competencies will be suggested in the model outlined in the remainder of 
this book, but several aspects of these competencies may be summarized 
.IS follows: 

Teachers must develop problem-solving skills, attitudes 
of thinking mathematically, and an awareness of mathe- 
matics as a human activity. 
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Teachers must develop an atlitude of openness to 
new learning and to new understandings of what is 
essential '("basic") in mathematics. 

Teachers need competencies and attitudes that are 
adaptive, that enable them to change as needed. 

Teachers rnust ^deepen their focus on children, on 
how they learn, and on the affective aspects of 
the learning process. 

Teachers must continue their own education with 
regard to new developments in mathematics and new 
applications of mathematics in all fields of 
human activity. 

What, then, do we expect from a teacher education program? Peck 
and Tucker, reviewing the research on teacher education, suggested 
several generalizations based on their review. Among them were the 
following: 

1. A "systems" approach to teacher education sub- 
stantially improves its effectiveness. Such an 
approach consists of a series of steps which 
recur in cyclical fashion: 



a. precise specification of the behavior which 
is the objective of the learning experience; 

b. carefully planned training procedures aimed 
explicitly at those objectives; 

c. measurement of results in terms of the 
objectives ; 

d. feedback to the learner and the instructor; 

e. reentry into the training procedure; 

f. measurement of results again following 
repeated training. 

2. Teacher educators should practice what they preach 
When teachers are treated as they are supposed to 
treat pupils, they are more likely to adapt the 
desired style. 

3. Direct involvement in the role to be learned 
produces the desired teaching behavior more 
effectively than remote or abstract experiences 
such as lectures on instructional theory. 

4. Using any or all of the techniques mentioned, 
it is possible to induce a more self-initiated, 
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These generalizations from the research on teacher education su^^fsi 
some desired characteristics of teacher education programs. We believe, 
however, that each teacher education program is unique in certain ways 
and that it should remain so. We therefore do not presume to be able* to 
specify all of the competencies that should be included in a teacher 
education -program. Indeed, we reject the notion that anyone could 
prepare a definitive list of such competencies. 

What we do hope to be able to do is to suggest a framework to 
assist teacher educators to accomplish the following: ^ 



to make the goals of mathematics teacher education I 
more specific; . ^. 

to enable a systems approach to mathematics teacher 
education ; 

to integrate formal classroom instruction with field 
experiences ; 

to conceive a teacher education program that is 
develophiental in character and to differentiate 
between the competencies expected of teachers at 
various points^ in their careers; 

to stress teacher education as an information 
processing system designed to help teachers 
analyze si,tuations that they must confront 
in teaching and to make decisions based on a 
critical evaluation of available alternatives 
and their consequences; and 

to facilitate continuing evaluation and updating 
of the teacher education system as new situations 
and needs arise. 



We proceed with that task now by proposing a taxonomy of mathematics 
teacher education. 
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Chapter -Throe 
A Taxonomy of Mathematics Teacher Education 



In our approach to teacher education, whether pre-service or in- 
service, the starting point of program development will be the ulenLi- 
fication of expected competencies. Some competencies will be required 
of all teachers; others may be optional or recommended; all will be 
derived from conc?eptions of the role of the teacher in the education ot 
pupils. Some approaches to the identification of teacher competencies 
are discussed later. 

Operationally, Lo initiate a program for an individual learner, the 
starting point will be a needs assessment. The needs assessment is a 
measure of the student's present competency in order to determine the 
competencies still to be developed. From this assessment flow the 
identification of objectives to be achieved, the specification of enabling 
activities, the plan for evaluation, etc. Since the needs assessment is 
directly related to the prior specification of competencies, it cannot 
be discussed apart from the task of determining those competencies. 

This model for a program for secondary school mathematics teachers 
approach^ the task through a proposed taxonomy of mathematics teaching 
behaviors. Bloom (1956) indicated that a taxonomy is useful in helping 
educators gain a perspective on the emphasis given to certain behaviors 
by a particular set of educational plans. Further, a taxonomy should 
help curriculum builders to specify .objectives , to plan learning 
experiences, and to prepare evaluation measures. McDonald (1972) pointed 
out the usefulness of a taxonomy for organizing descriptors of teaching 
and the related behavioral observations a.ssociated with the evaluation 
of teaching, for relating categories of behavior to one another, for 
discovering new relations between .seeiiringly nnrt^lated behavior.s, and for 
placing the relations among categories of behaviors on a souniler empirual 
ba.se . 

It must be noted, however, that unlike a classification scheme 
which may contain arbitrary elements, a taxonomy must be constructftd so 
that the order of the terms corresponds to some real order among dhe 
phenomena represented. A taxonomy must further be validated by 
demonstrating its consistency with theoretical views in research findings 
of the field it attempts to order (Bloctfn, 1956). For this reason, the 
*'takonomy'* presented here is more properly an approximation to a taxonomy 
since it lacks' verification. However, for convenience it shall be 
referred to as a taxonomy. % 



A Taxonomy of Mathematics Teaching ^ 

In this taxonomy of mathematics teaching, the ordering prinv^ple is 
teacher behavior. The behaviors described in the taxonomy are derived 
from the assumption that it is possible to specify in advance the desired 
outcomes of a teacher education program, and they include the beiiaviors 
expected of both pre-service ("beginner") and in-service ("expert") , 



teachers. Hence, it is possible to delineate both entry-level cnmjie- 
teij(:ies and competencies to be developed during the continuAig pro- 
fessional development of the teacher. * 

The taxonomy will first be described in broad terms, presumably 
generalizable to other teaching fields; and in a later section, it will 
be illustrated with more specific performance objectives for secondary 
school mathematics. This taxonomy is deliberately developed to reflr(i 
Bloom^s taxonomy and the category names are chosen for that reason, 
although more appropriate names may be found. The .^ix levels of the 
taxonomy of mathematics teaching are the following: 

Knowledge 

The knowledge level concerns facts, processes, theories, technicpies 
and methodology related to instruction. It also includes knowledge of 
mathematics and' of the curriculum and materials of school mathematics. 
The knowledge level in the ^taxonomy of teacher competencies subsumes all 
of the levels of Bloom's cognitive taxonomy. This is the component of 
teacher education usually associated with the coKege'c lass room and 
usually measured by paper and pencil or other conventional classroom 
methods . 



Comprehension 

The comprehension level concern,? performance of selected beh<ivior.s 
under cunt replied conditions such as peer teaching, microteaching, 
simulations, role playing, etc. It is a demonstration that the individu»jl 
van lio something, and the behavior to he demonstrated usually is called 
for m an explicit manner so that the individual is conscious of the 
goal of demonstrating the desired behavior. 

Appl I cat ion • / , ^ 

The application level refers to planning and administering learning 
activities and materials in a classroom setting. It is evidence not 
only that the individual c an do but that he/she does do. Application 
involves the use of appropriate teaching skills at the proper time or 
with the desired frequency as a part of the normal teaching style. 

Analysis > 

At the analysisUevel the teacher responds to pupil, teacher, 
subject matter, and environmental cues to select, organize, and administ<-r 
e fleet ive programs and lessons. The teacher recognises the constituent 
»*lements of the curriculum and the relationships among them and sees 
them as an organized whole. The teacher also responds spontaneously to 
students as individuals and his/her actions and decisions flow from a 
consistent and conscious rationale. 
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Synthesi s 

At the syiithesi5 level the indivuhial orclie.st rates his/her teaching* 
bc-haviiii into »i personal i /ed whole, interion/iiig and prof essioiial lii ing 
the teaduiig skills and ronihi nuig the niiderlysiiK ( ompetencies into an 
elfective slyie unique to liie individual. 



Evajuation 

At J,he evaluation level the teacher judges the effectiveness of 
his/her teaching according to various internal and external criteria, 
including pupil progress toward desired goals, and he/she modifies the 
teaching in the direction of greater effectiveness. 



Advantages of the Taxonomy 

One anticipated advantage of adopting the proposed taxonomic scheme 
is to focus attention on aspects of teaching not readily described in 
specific behavioral objectives. More global, less atomistic competencies 
are suggested, and from these are derived more specific instructional 
goals and alternatives. This is in keeping with the definition of PBTE 
proposed by Gage and Winne (1975; pp. 146-147): '*PBTE is teacher training 
in which the pre-service or in-service teacher acquires, to a pre-speci f ied 
degree, performance tendencies and capabilities that promote student 
achievement of educa-tional objectives.'^ 

In the above definition, "teacher performance" refers to observable 
behaviors--oral , written, or nonverbal. "Tendencies*' are typical teacher 
behaviors in the average or normal teaching situation, while "capacities" 
are behaviors which the teacher is capable of when trying his/her best. 
« All three of these — performances, tendencies, and Capacities--are 
encompassed by the taxonomy. ^< 

Likewise, the taxonomy directs attention to the continuing growth 
and development of the teacher and related pre-service and in-service 
educational. -goals . For example, it allows program developers and eval- 
uators to delineate those performarces expected of entry-level teachers. 
(Many of these will be performances at the first three taxonomic levels, 
although some demonstrations of hij;her-order performance are definitely 
in order.) Combs et al. (197A) have insisted that the methods of experts 
are different from those of beginners, and that some of the methods of 
experts can be used only uecaiise the persons are experts. The taxonomy 
offers a framework for specifying higher-level performances to be expected 
ot experts as opposed to those expected of beginners. This differentiation 
should resuU in more realistic expectations for beginning teachers 
whuh may alleviate some of the trustrations commonly experienced by 
them. It IS also hoped that the taxonomy will help teachers to evaluate 
their own behavior and to plan for their own continuing professional 
growth 

The taxonomy also- encourages us to view the development of 
competencies from one level of the taxonomy to another. As an example, 



we might consider < ompet*^ ncies reKittMl to thr Itsuhor's use* ot < /jhialioi, 
m teaching. At the knowledge level, snch compfU (»n( m s include lifiiler- 
• standings about types of tests; reliability .au] validity ( har.ict (»r i st i ( s 
of tests; uses of t(»sts lor formative, suaiinat i ve , or diagnostic purp<ises 
<»tc. Comprehension level competencies might include demonstrat i uns that 
the teacher can construct testb that arc ippro[)riate for certain sp(M i f u d 
fmrposes. Application ot these competeiuies iiiduates that the teMchci 
actually does employ these various types of evaluation. At the hi^h»M 
levels of analysis, synthesis, and evaluation, it becomes <ipparent that 
the teaiher*s cvMliKjtioii instram(Mits and processes ret 1 eel the ob}ectwe»i 
of his/her instruciton, and that the teache^r iis(»s them te improve 
instruction and more effectively t<> help individual pupils. 

Afte*tive teacher characteristics also constitute a strand that may 
run through all levels of the taxonomy, for example. aHectivr comp»*- 
tencies at the knowledge level may include knowledge or recognition of 
the defense mechanisms or approach/avoidance tochriiques of pupils, or 
knowledge of the importance of teacher support, empathy, warmth, or 
positive regard with respect to pupil learning. At the comprehension 
level, the teacher may be expected to demonstrate learned behaviors for 
giving reinforcement or to identify clues to pupil or teacher attitud(»s 
in simulated situations. At the level of application and beyond, teailiei 
competencies may include spontaneous use of reinforcements", empathy, 
etc. in teaching situations. Affective goils may also include posit iV(» 
changes m tKither attitudes toward varioas components, personnel, t)r 
systems ii\ education, and a willingness t > modify one's teaching hehivioi 
is one develops new competencies. 

Finally, the* taxonomy recognizes that t(*aching competency is vi 
function of te.uhing style that is unitpie to each teacher, and it 
capitalizes on this by delming is riece^ssiry competenc i <*s to combine 
etfectiv^^ly the* iinde*rlying competenc levs ; tc» intt^ract effectively uith 
the pupils; the Vurr iculum, and the l(*arning cmiv i ronment , to develop <i 
rationale for te*achirig; and- to act purposively anci consistent Iv with the 
philosophy, r.itionale, and style. 

Assessing Performance's 

Bee <iuse IIk» te'aching taxonomy is ^tractur(»d on tea die i betiavior, a 
v.iriety of assessment approaches is available Pe^r t ormanc es at Ihr 
knowledge level are generally assessed by conventional classroom methods 
mcluclmg paper-and-penci 1 tests. Both pre-service and ni-service teachers 
I an be expected to demonstrate thc^ir knowledge} about esse*ntial mathem<it ic s ; 
ibout re*levant theories, technicpies, or processes of education; or about 
"ther content deemed appropriate. Thev will do this by written and/or 
oral respc>nse»f. including tests, papers, reports, discussions, and cth**r 
forms of presentation. ^ 

Pe'rt(M'man( e's at thr- i »>mprehe ns i on leve^l nu\ be- asse-ssed throu>>h 
c ntjolied Situations for a limite^d time, sui h as pee*r teMchmg, 
microtcMc hing , simulations, or role playing. t)bservat i ons by teacher 
training pe-rsonnel or othe»r *Vxperts,'* rating scales, checklists. an«l 
video tapes are among the means of asse»ssme*nt . These* apply at hotli the 
pre»-se*r VI c e and the* in-service leve»ls. 
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At other levels, performance norin<)lly presumes demonstration in 
actual classroom settings over an extendfMl penod of time \hryr m.iv 
more appropriately apply to in-service needs asse^ssments and, ti> a nuue 
limited d(*gree, to student teachers. The meajis ol »issessnu-nl imhuhr 
.ill those identiti(»d lor compreliens ion , .md they may also iiuliidi- 
assessmtMit of pupil learning as one indicator ol teacher ef f e( 1 1 vencss 
or need. 

Whether performed in the college classroom, an assessment center, 
or the secondary school classroom, the needs assessment seeks" to 
establish those teacher competencies already demonstrated by the teacher 
and to compare them to the e^Tpected or required teacher performances. 
The difference between these two sets of behaviors defines the objectives 
and the curriculum for the individual teacher. To illustrate elements 
of such a program for teachers of secondary school mathematics, the 
discussion below elaborates on representative competencies, objectives, 
learning activities, and evaluations corresponding to the six levels of 
the teaching taxonomy. 



Representative Competencies 

In designing a pre-service or in-service staff development progro^m 
for secondary school mathematics, program developers will begin by ^ 
identifying desired competencies corresponding to each level of the ^ 
taxonomy. The more generic competencies will, in turn, give rise to 
more specific instructional objectives that the teacher is expected to 
accomplish and to demonstrate. The competencies and objectives below 
are meant to be representative of the various taxonomic levels. In no 
way should they be considered an exhaustive list. Neither should it be 
assumed that a given objective is necessarily the basic unit of 
instruction, as many of the listed objectives should themselves be 
further specified in terms of sub-objectives. 



Per f orm.uH e Goa I s 
rile student will: 



Subject : Mathemat i < s 
Level of taxonomy: Knowledge 

his t rue 1 tonal Ohj^ectives 

The student will: 



1. Recognize problenj-solving 
as the central focus of 
St hool mathemat ics 



1.1 Define the necessary (onditions 
for the existence of a problem 



1.2 Differentiate between pr(d)leMn' 
and excrc ises 

1.-^ List various heuristics that 
are us**hil m solving problems 

l.A Apply heuristics to the solu- 
t ion of problems 
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1.5 Discuss the importance of 
problem-solving as a goai 
of school mathematics 



Recognize the importance 
of diagnostic teaching in 
mathemati cs 



1 .6 Suggest some strategies for 
introducing problem-solv i ng 
in secondary school classes 

2.1 For a given mathematical topic, 
identify the component concepts 
and prerequisite knowledge and 
skills 



2.2 For a given mathematical topic, 
identify probable sources of 
pupil difficulty or error 



2. J Complete a task analysis for 
the given topic 

2.4 Suggest appropriate instruc- 
tional activities for develop- 
ing the specified topic 

2 . 5 Suggest appropriate remed i a 1 
activities correspond! ng to 
anticipated or identified 
pupil errors 



Level of taxonomy: Comprehension 

Performance Goals Instruc^ijonal Object wes 

The student will: The student will: 

3, Plan and teach a mathe- Kl Select appropriate* objentives 

maticf. lesson and state them in terms of 

piipi I behaviors 



5.2 Introduce the lesson in an 
effective, motivating manner 

).3 Select and utilize appropriate 
intructional materials and 
teaching aids 

Present appropriate examples, 
nonexamples , problems , and 
appl icat ions 

3.5 Relate the topu to previous 
learning and pupil interest 
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3.6 Involve the pupils in practicing 
7 or applying the topic 

3.7 Summarize effectively al 
appropriate points in XAw 
lesson 

A. Demonstrate effective com- 4.1 Demonstrate the ability to 
munication skills implement a variety of com- 

munication patterns in the 
classroom (e.g., lecture, 
guided discovery, discussion) 

4.2 Recognize defensive strategies 
and nonverbal behaviors of 
pupils 

4.3 Use ojfen-ended questions in 
instruct ion 
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A. A Initiate and sustain discussion 

4.5 Use pupil questions and comments 
■ in developing instruction 

^ 4.6 Give feedback and positive re- 

» * inforcement to pupils 

Level of taxonomy': Application 
?^I^£!?,*L^^^ Goals I n s tjuxt j onaji ^bj ect^ ves 

The student will: The student will: 

5. Plan and teach a unit of ^).l flan appropriate unit and lesson 

lustructioi. objectives 



').2 Develop lessons related to the 
overall unit objectives 

5.3 Provide ^Appropriate pacing, 
practice , application , and 
feedback during instruction, 

"■^.A Vary the learning activities 
within and between lessons 



5.5 Manage the classroom in manner 
. that promotes pupil learning 

5.6 Evaluate pupil progress and 
learning outcomes 
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Use a variety of learning 
experiences to develop 
mathemat ical content 



6.1 PLaa and present labor<il<>ry 
lessons in mathematics 



6.2 Seek out, adapt, or create 
manipulative aids to enhance 
lessons 

6.3 Make appropriate use of 
calculators and/or computers 

6. A Supplement textbook presenta- 
tions with activity, laboratory, 
problem solving, and applica- 
tion lessons 



6.5 Teach through problem solving 
as a regular part of the 
teach'lng style 

6.6 Relate content to the appli- 
cations of mathematical con- 
cepts in a variety of life 

s ituati ons 



Level of taxonomy: Analys is 



Performanc e Goals 

The studeri^t will: 

7. Analyze pupil, teacher, 
subject matter, and en- 
vironmental cues to select, 
organize, and administer an 
effective mathematics program 



Instru ctiona 1 Obje ctives 
The student will: 

7.1 Analyze the curriculum content 
into constituent elements, 
recognize the relationships 
among these, and see them .is an 
organized whole 



7.2 Identify the key ideas and 
central goals of learning 
activities, and organize lessons 
to emphasize those key elements 

7.3 Identify aspects of lessons 
that could be enhanced by 
alternative learning activities 
inst ructiona 1 aids , etc. 

7. A Provide a rationale for the 
selection and organization 
of content and materials in 
mathematics lessons , courses , 
and programs 
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7.5 Adjust classroom activity in 
accord with pupil aeeds 

7.6 Plan remedial and enrichmcMit 
activili(\s appropriate* tor 
slow and fast learn(»rs 

8. See pupils as individuals 8.1 Give individual recognition 
and respond spontaneously and acceptance to pupils 

8.2 Listen to pupils 

8.3 Expect success of every pupil 
and take measures to bring it 
about 

8.4 Differentiate assignments 
according to pupil needs 

8.5 Involve pupils in planning 
units and activities 

8.6 Adjust instruction to meet 
individual pupil needs 

8.7 Recognize variations in pupil 
learning styles and identify 
differences in ways in which 
individual pupils approach ' 
problems 

Level of taxonomy: Synthesis 
Performance G oals . Instructional Objective s 

The student will: , The student will: 

9. Combine the underlying 9.1 Model the mathematical behavior 
competencies into an desired of learners 
effective, personal 

teaching style 

9.2 Display enthusiasm for inathe-- 
matics , jdr teaching, for 
learning, and for pupils 

9.3 Recognize the mathematical 
aspects' of situations and 
integrate mathematics with 

. other areas of learning 
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9. A Regularly relate classroom 
learniiTg to past learning, 
future topics, and pupil inter- 
ests and experiences 

9^5 Respond to classroom contingencies 
in an appropriate and consistent 
manner 

9»6 Help pupils take ownership of 
their own learning tasks and 
assist them in bringing 
closure to those learning tasks 



Performance Goals 



The student will; 



Level of taxonomy: Evaluation 

Learn ing Objective s 
The student will: 



10. Judge the effectiveness of" 
one's own teaching 



10.1 Display confidence in one's 
own ability to teach mathe- 
matics 



10»2 Evaluate one*s one teaching 

in terms of internal criteria 
(e.g., accuracy and logical 
consistency), e/ternal criteria 
(e.g», appropriateness for the 
given learners), and pupil, 
progress toward goals 

10.3 Identify teacher behaviors 
that inhibit pupil learning 
and propose modifications 
of those behaviors 



10»4 Evaluate the curricula and 
materials for appropriate- 
ness in furthering one's 
instructional goals 

10.5 Plan and evaluate lessons 
in the light of current 
relevant research 
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Chapter Four 
Operating a Program 

We turn now to consideration of the operation of a program based on 
the taxonomy. For all performance goals and instructional objectives 
identified in the program, a variety of enabling activities also must be 
developed. Ordinarily it is expected that the student will be given a 
certain flexibility in selecting among these activities. In this, the 
assumption is made that the competency or performance objective represents 
a goal statemeht, and that ideally the student will have a choice among 
means for attaining the goal. In some cases the student also will have 
the choice of whether or not to develop a specific competency. 

In planning and recommending enabling activities, program developers 
should be guided by certain principles of learning. In particular, the 
design of enabling activities should reflect the understanding that 
learning is promoted 

by the student's clear knoy^ledge of the instructional 
goals; 

by the student's involvement in the educational planning; 

by the student's perception of the learning experiences 
as relevant to one's own life and goals; 

by reinforcement; 

by quick feedback; 

by opportunities practice skills; and 

by provisions for individual differences, needs, and 
backgrounds.' 

In addition, it is furthet assumed that in practice the student 
will focus first on specific, individual skills and will later combine 
related competencies into skill clusters. Many of the instructional 
objectives suggested above actually represent such clusters which can be 
broken down still further. For example. Objective 3.1 iticludes specifying 
objectives in terms of pupil behavior. This might be further specified 
to include the following and more: 

Distinguishes between objectives that are behaviorally 
stated and those that are not. 

Rewrites nonbehavioral objectives in behavioral terms. 
Writes objectives at all levels of the cognitive domain. 
Writes objectives in the affective domain. 



44 



Explains the advantage to both teacher and pupils of 
stating objectives behaviorally . 

Similarly, it is reasonable to plan activities to allow the 
beginning teacher to engage in instructional activities first with 
'individual pupils (tutoring), later with small groups ot pupils, and 
finally with entire classes. 



Instructional Activities 

The teacher education model proposed here also assumes that at 
least four types 'of instructional activities are integral to the program 
formal instruction, laboratory experiences, school-based practicum 
experiences, and individual study. Each of these warrants further 
discussion. 



f o rma 1 instruction 



Both pre-service and in-service teachers will need formal instruction 
from qualified personnel, usually college or university faculty. Most 
of the competencies at the knowledge level of the taxonomy are developed 
through such instruction. Formal instruction may be delivered thorugh 
traditional quarter or semester courses, through short courses or workshops 
through individually scheduled presentations, through readings, or 
through electronic media including audio and video tapes and computers. 

A major portion of the formal instruction will surely be directe<l 
to the mathematics to be learned by tha secondary school teacher. For 
beginning teachers this would be expected to include advanced study in 
calculus, analysis, algebra, and geometry, and at least an introductory 
study of probability, statistics, topology, and computer science. For 
in-service teachers, more advanced work in all the above is assumed. 
However, this paper will not attempt to prescribe specific mathematical 
knowledge to be 'demonstrated by secondary school teachers since such 
recommendations are readily available from the NCTM, from the MAA, and 
from numerous commissions as reported in the Thirty-second Yearbook of 
NCTM. 

A second component of formal instruction is broadly described as 
'^liberal education.'* Since this will vary widely between programs and 
individuals, no attempt is made to outline it here. However, every 
mathematics teacher should be expected to demonstrate understanding of 
the natural and social sciences and of the arts and humanities. They 
also may be expected to demonstrate a more extensive knowledge of at 
least one other area outside of mathematics. 

Two typ» professional educational knowledge also are delivered 
through formal instruction. The first, described here as foundations 
lb common to education in general and includes theories ot learning and 
cognition, human growth and development, general goals of education and 
of schools, principles and practices of school operation, principles and 
methods of testing and evaluation, classroom management, communication 
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skills, human relations, legislation and its implication); for teaching, 
and other topics of general applicability. In consider/ng foundational 
topics, it is recommended that secondary school mathematics te<uhers ho 
provided with opportunity to interact with teachers of other subjects 
and grade levels in discussions relating these topics to the broad 
spectrum of education. 

The other dimension of formal professional, instruction concerns the 
delivery of mathematics to pupils. This area, usually described as 
"methods," includes examination of the curriculum and materials of 
school mathematics, instruction in planning different types of lessons, 
consideration of the needs of various pupils, and applications of the 
foundations topics to the mathematics classroom. 

It was noted earlier that a difference between the formal instruction 
component of a CBTE program and a taraditional course-based program lies 
in the specification of certain kinds of levels of knowledge that the 
student must demonstrate to an acceptable degree. It is not possible, 
for example, for a high grade in algebra or analysis courses to compensate 
for (''average out") inadequate knowledge of geometry. Further, an . 
individual who*-^satisfactorily demonstrates the requisite knowledge is 
able to bypass some or all of the corresponding formal instruction'. 



Laboratory experiences 

Laboratory experiences bridge the gap between formal instruction 
and school-based practicum experiences. Laboratory experiences usually 
take place on the college campus and include simulations, role playing, 
peer teaching, microteaching , hands-on experimentation with curricula 
and learning aids, viewing and critiquing video tapes, and more. 
Laboratory experiences most frequently represent enabling activities 
corresponding to competencies at the comprehension level. In general, 
they are of short duration under controlled conditions that afford the 
student the opportunity to practice specific behaviors explicitly 
identified, such as the use of questions to guide a discovery lesson or 
the use of physical objects to demonstrate or reinfobce a concept. In 
general, laboratory experiences differ from formal instruction because 
they are designed to contribute to skill in interpretation and performance 
as opposed to contributing primarily to knowledge. 

The case for laboratory activities and protocol materials has been 
made by several authors (e.g., Retzer, 1976; Gliessman, 1976; Smith, 
19^9; Gage, 1971). Gage argued forcibly for concreteness in research on 
teaching. His argument is no less valid for teacher education. 

First, the treatments should be embodied in materials and 
equipment . . . Textbooks, workbooks, instructional films, 
tests, audiotapes, videotapes, programmed textbooks, computer- 
assisted instructional materials, kits, manuals, models, 
games, simulations, and other devices for arranging 
instructional experiences in suitable sequences these are 
the vehicles through which good influences on what actually 
happens in schools can be most dependably exerted » Without 
such material embodiments, attempts to improve teaching and 



■ I 



46 



learning run into all the forces that keep people from acting 
on good educational • advice . The advice tends to be too 
theoretical, too vague as to its meaning for practice, and 
insufficiently coercive, in the sense that it does not require 
the teacher to change his ways. Materials and equipment spell 
out the advice in practicable terms. If properly designed and 
accompanied with adequate instructions for use, they well-njgh 
force the teacher and student to do what is wanted of them by 
the experimenter. (Gage> 1971; p. 33) 

Special attention is directed to the role of demonstration lessons 
presented on film or video tape. In developing the competency of both 
pre-service and in-service mathematics teachers, one must attend to 
several cognitive and affective variables. Among these, several critical 
concerns are the following: 

the intellectual development of the pupil and its 
relationship to the pupil*s ability to function at an 
abstract, symbolic level; 

the learning styles of the pupils and the manner in which 
different individuals approach problems; 

the classroom behavior of pupils and its relation to 
learning; 

the pupil's attitudes toward mathematics and the 
relationships of attitudes and self concept to learning; 
and 

the development of alternatives for teaching mathematics, 
in particular through laboratory lessons and heuristic 
teaching. 

Kach of the above concerns directly .related to the pupil's 
classroom behavior, intellectual development, and affective character- 
istics. Hence, in order to consider these questions, one must be able 
to observe and evaluate the behavior of pupils in learning sit;jUat ions . 
This is done primarily through two means: direct personal involvement 
in mathematics classrooms and. indirect classroom participation through 
television or films. 

During the pre-service program, students will be expected to 
experience direct classroom observation and participation through an 
extended pre-student teaching practicum described below and thr^ujjh 
student teaching. In-service teachers draw upon the daily experiences 
in their own classrooms. While these school-based experiences are 
invaluable in many ways, they have three primary limitations: 

Classroom experiences are spontaneous and cannot be fully 
planned in advance. Hence, students may not have the 
opportunity to observe certain situations that are 
important in their professional development. 
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- — Classroom experiences are not |>rei»erved and (aniu)t bo 
^replayed for systematic study. 

No two students expericMue the same classroom happenniK^ , 
so it is not possible draw upon a common learning 
experience for the development of new concepts or teach inj; 
strategies . 

f 

In order t'o supplement the school practicum component, the laboratory 
component includes video or films directed toward the following objectives; 

1. To provide opportunities for both pre-service and in-service 
•mathematics teachers to study common learning situations 
with'an emphasis on the behaviors of secondary school 
pupils in these situations. 

2. To show differences in the mathematical problem-solving 
behaviors of secondary school pupils. 

3. To illustrate alternative strategies for teaching and 
learning mathematics. 



4. To show pupils* classroom behaviors ivith regard to 
mathematics . 

The tapes are intended to be used in an interactive fashion such as the 
following: 

1. In seminars concMrrent with the practiciim, students cbn 
view selected portions of the tapes to observe pupil and 
teacher behaviors as these relate to classroom climate, 
classroom control, pupil attitudes, and other effective 
dimensions of mathematics c'lasses, and they can relate 
these to their own classroom observations. 



2. In practicum seminars and methods classes, students can 
observe pupils* behaviors in problem-solving or laboratory 
learning experiences to understand better the processes 

by which pupils learn mathematics and to identify more 
accurately evidence of a pupil's level of intellectunl 
development. These, in turn, are used to motivate students 
in planning lessons or units appropriate for particular 
pupils^ 

3. Methods , students can view tapes with a focus on the 
teacher's instructional objectives, learning set, teaching 
strategies, classroom interaction, questioning techniques, 
etc. These can become both a background for developing 
future content and a model for the development of similar 
lessons that the students are expected to plan, teach, 

and evaluate in peer teaching or mi croteaching sessions. 

4. Students can view pupils of different age and grade 
levels engaged in a similar learning task in order to 
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consider the intellectual development and the mathematics 
learning of pupils during th,e secondary school yeors. 

5. Students can see examples of the same content develop(»(l 
through a variety of instructional approaches, and can 
discuss and evaluate the differential outcomes of each. 

6. Student teachers can view and discuss the tapes as models 
of classroom situations that they may be trying to develop, 
both as models of other alternatives that a student mighy 
try and as examples of how a lesson might have been 
handled differently. 

School-based practicum 

As indicated earlier, it is considered essential for the training 
program to involve the students in classroom experiences. To this end, 
the pre-service program should include an extended pre-student teaching 
practicum during which the student participates in secondary school 
classroom experiences. The practicum also includes regular seminars 
involving students and staff development personnel. (Examples of possible 
practicum experiences and seminar content are suggested in* the appendix.) 
The practicum, which probably will last at least one full academic year, 
would include, as a minimum, experience in both junior and senior high 
school classes. In addition, there should be opportunity for students 
to have practicum experiences in one or more alternative settings such 
as elementary schools, open or free schools, special education programs ' 
for slow learners or handicapped pupils, programs for the gifted, adult 
education programs, or other available experiences. In particular, 
secondary school mathematics teachers are especially encouraged to gain 
experience by participating in elerr^ntary and/or middle school classes. 

One goal of the practicum is to help prospective teachers answer 
the questions, *'What dce<: it mean to be a high school mathematics teachei?' 
and **Do I really want to be one?** If an individual answers the latter 
question in the negative, this is regarded as a legitimate outcome, and 
it is hoped that such decisions can be made well before student teaching. 

Another goal of the practicum is to enable students to relate the 
content of their formal instruction to actual classroom happenings. The 
seminars are largely designed to facilitate this by helping the students 
to focus their observations and experiences. In the case of the 
foundations component where formal instruction includes students from 
many disciplines, the seminar allows mathematics students to examine 
more carefully the foundations topics as they apply to mathematics 
mst ruction. 

Finally, the practicum is designed to be a vehicle for the student's 
involvement in instructional activities. This begins with observation 
in mathematics classes, extends next to tutoring first individuals and 
then small groups of pupils, later expands to opportunities to pr'esent 
brief lessons or short units under the guidance of the classroom teacher, 
and eventu'ally culminates in full-time student teaching. 
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This proposal considers some relevant praclicum experience to be 
essential for all students. While it is possible for stiul.>nts to 
demonstrate knowledge without participating in tormal instruction, the 
practicum component is the forum both for the development of certain 
competencies and for the assessment ol others. Most of thv «.ompetencies 
at the application, analysis, synthesis, and evaluation levels are 
demonstrated only in classropm settings. In the case of pre-service 
teachers seeking to develop and demonstrate entry-level performances, 
the practicura/ experience, including student teaching done under the 
supervision of a qualified mathematics teacher, is essential. It would 
be a contradiction in terms to suggest that a teacher could demonstrate 
required teaching competence without including demonstration in actual 
classroom situations over an extended time period. 

A final word of caution is in order here; It is not sufficient 
merely to send students into schools. We cannot assume that they will 
see things we expect them to observe unless we deliberately call attention 
to those items. Many classroom realities are taken for granted both by 
pupils and by teachers, which may account for some of the unexpected 
surprises reported by beginning teachers. The suggestions for practicum 
experiences in the appendix are offered as examples of strategies for 
focusing tht* students' attention on some of these salient classroom 
realities. 



I nd i vj. du a l_s tudy 

The fourth element of the program is the provision for individual 
and independent study. Activities in this domain may be focused on 
competencies at any level of the taxonomy. Alternatives include readings; 
viUeo or audio tape. presentations ; computer-assisted intstruction; 
independent research, problem-solving, or laboratx'^rv investigation; 
interviews with pupils, teachers, or others; case studies; oral or 
written reports; peer group discussions; professional meetings; modules; 
and more. The nature and extent of the individual study is ordinarily 
determined jointly by the student and an advisor or supervisor, and this 
determia'J^.ion includes a specification both of the expected outcomes and 
of the criteria for evaluation. 

It should be noted in considering the various Uypes of enabling 
dCtivitu^s described above that if the student is to' be given alter- 
natives ^^rom which to select, it follows as a necessary consequence that 
he/she must also be giv^n the opportunity not to select others. Program 
administrators must beware of the temptation to expect all students to 
complete all* available learning activities. The one exception in this 
models as noteil earlier^ is the insistence that the program include an 
appropriate practicum component for everyone. 



Representative Knabl'inj? Activities 

In a previous section, ten performance goaKs and sorae contributing 
instructional objectives were suggested. Each of these can he further 
illustrated by suggesting selected enabling activities as presented 
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heluw. For convenience, possible rneans of assessm^Mil for each j1s4> arr 
listed ruere. These are discusso*! more fully \i\ t followin^^ ton 



Perfor manc e Goals 

1 The student wi i 1 
recognize problem- 
solving as the 
central tocus ot 
school mathemat u s 



EnabJ mg Activities 

IA. Individual problem 
solving 

IB. Discussion of problems 
and their solutioiis 
with peers and 
inst motors 



Means to Assess 



IC. Live and/or taped 
demonstrations oi 
problem solving 
lessons. 



la. Tests to ass(^ss 
knowledge aboiil 
problem-solving 

lb. Student solut ions 
to selected 
problems 



Ic. Observation and/ 
or checkl ist of 
student use of 
heurist ics 



ID. RtNidi ngs (e.g., the 
writ mgs of George 
Poyla J 



Id . Eva i ua tor-st uder. t 
<iisc ussions 



IE. P^xami-nat ion of mathe- 
mat i c s^ texts to 1 den- 
tify problems and 
exerc ises contai ned 
there m 

IF Student collection o^ 
good problems an<l ubMi- 
1 1 1 ic ation of useful 
heuristic s for each 

ir. . Observation of pupil > 
engaged in solving 
problems 



The st ude-nt will 
recogni;^e the* im- 
portance of diag- 
nostic teaching in 
mat hema 1 1 v s 



2A . Forma I i nst ruct i oi\ 2a 
learning and develop- 
mental theories 

2B. Student completion ot 
task ana lysis for 
selected topics 

2b 

2C Discussion of common 

sources of pupil error 

:h \na lysis of pupi 1 k 
to ideiit ity error pat - 
terns 



lests to assess 
knowledge about 
learning, <liag- 
nostic teaching, 
and other con- 
cepts 

Oral and written 
reports from scii 
dent diagnos!ng 
J particular 
pup I 1 ' s d I f t I - 
cul ty 
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Performance Goals EnabHng Act ivi t les Means lu Assess 

2c. Critujut* « i liwni 

2K. Indeperulent j>tud(»nt mg a( I ivj l io\ 

sea rch for resources p lanned t < r re- 

and i nsl riK 1 1 ona 1 a I - me<li ai i orj 
tornatives appropriaU* 

for remediation of 2d Ci.liipic (i ont- 

identitied errors puts (task analy- 
sis, (^rror pat- 

2F. Case study and/or terns, te^t int(M" 

tutoring pupils uith pretation, etc.) 
learning difficulty 



2G. Examination of avail- 
able diJgnostic uistru- 
ments 

2H. Administration of diag- 
nostic tost tu pupi Is 
and analysis of pupil 
performan*. e ^ 

21. Observation and tutor- 
ing in spec I a I educ at i on 
mathemat ics ( lasses 



The student will 
plan and teft( h a 
mathemat ic s lesson 



3A. Forma 1 ins true t luu 
on the content of 
lessons writing ob- 
ob ject 1 V(>s , etc. 

5R. Wr 1 1 1 ng ob ject i v. j 
for a given topu ; 
object ives c ri t npiec^ 
by peers antl eval»:- 
ators; rewrite ob- 
ject 1 ves 



5a . Observat u n m 
laboratory or 
pract 1 ( un 



^b. Check! ist of 
des 1 r(Ml b( - 
bebav i ors 

U . Peer fvah <it ion 
of less<wu 



Planning ins true- M. 
tional materials and 
activities 

^I). Teaching lesson to 
peers ; c r 1 1 i<jue 
and discuss 

W.. Teaching of lesson 

to sma 1 1 gr()up oi . il . 
pup lis; superv i sor 
observes , d i s( usse^ 



Ana lys 1 s < t 
written lesson 
plan by u.- 
strm tor 

Se I f -ev<i 1 1 at 1 on 
of video taped 
lesson 

Vvr I tten t ( st "1 

abi I 1 tv t( 

wr 1 te ol) j( c t 1 ves 
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Performance Goals 



Enabling Activi ties 



Means to Assess 



3F. Video taping lessons 
and performing self- 
evaluation 

3G. Viewing demonstration 
lesson; inferring 
teacher' s objectives 
and plans 



3g. Test of pui)i Is 
to whom the 
lesson was {^re- 
sented 



The student wi 1 1 
demonstrate effective 
communication skills. 



4A. Discussion of the 4a, 
effects of various 
forms of communication 
in the classroom 

4B. Classroom observation 

and systematic re- 4b. 
cording of communi- 
cation patterns 

4C. Application of inter- 4b. 
action analysis in 
demonstration lessons 
or in classroom ob- 4d. 
servations or in video 
tape of student's own 
lesson 

0 

4D. Identification of 
levels of questions 
in demonstration 
lessons 



Written or oral 
discussion of the 
effect of communi- 
cation in the 
class room 

Direct obser- 
vation or video 
tape of lesson 

Analysis of 
lesson plans 

Interaction an- 
alysis performed 
on students 



4E. Planning of questioning 
sequence for selected 
lesson 



4F. Comparison of demon- 
stration lessons 
taught according to 
lecture, guided dis- 
covery, discussion, 
or other approach 

4G. Observation of class- 
room situations for 
examples of pupil 
non-verba I behavi or 
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Performance Goals 



Enabling AcLi vit les 



Means to Assess 



The student will 5A. 
plan and teach a 
unit of instruc- 
tion 5B. 



Development of writ- 5a. 
ten unit and lesson 
plans * 
Independent search of 5h . 
resources to identi fy 
useful lesson strat- 
egies and materials 



Analysis oi 
written plans 
by supervisor 
Observation by 
supervisifig 
teacher and 
evaluator 



5C. Teaching unit to sec- 
ondary school pupils 



5c. Classroom obser- 
vation by peers 



5D. Development of pre- 5d. 
tests, posttests, and 
quizzes for unit 



Video tape of 
lessons for self- 
evaluation 



5E. Measurement of pupil 
learning during and 
after the unit 



5e. Discussion of 
lessons with 
supervisor 



5F. Revision of lessons 
after instruction 



5f. Measurement of 

pupil achievement 
of unit object- 
ives 



6. The student will 
use a variety of 
learning experiences 
to develop mathe- 
matical concepts 



6A. 



6H 



6C 



6D. 



6L. 



6F. 



Formal instruct ion to 
introduce student to 
new topics , appl ica- 
t ions , and resources 

Participation in pro- 
fessional meetings 



6a . Analysis of les- 
son plans by 
evaluators 

6b . Observat ion of 
lesson 



6c. Log of teaching 



Interaction with re- 
source persons such 
as industrial mathe- 
maticians, researchers . 
computer prograrruners , 
and statisticians 6d. 

Student part ici pat ion 
in mathematirs labor- 
atory lessons 

6e. 

Student invo Ivement 
m compute^r-assisted 
i nstruct ion 

Discussion with [u*(«rs 
and mst ructors of 
alternative presenta- 
tions for given content 



experience to 
identify variety 
and frequency of 
learning activities 

Pupil feedback 
on lessons in 
terms of inter- 
est, motivation 
and learning 
Evaluation by 
student , pupi Is , 
and/or super- 
visor of fect- 
iveness of aids 
used in the de- 
velopment of 
concepts or 
general izations 
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Performance Goals Enabling Activities Means to Assess 

6G. Viewing demonstration 
lesson contrasting - 
different instructional 
approaches to the same 
content 

6H. Planning and teaching 
lessons of different 
types (laboratory, 
discussion, computer 
based, guided discovery, 
etc.) 

61. Making manipulative de- 
vices or audiovisua 1 
aids; creating orginal 
games ^ • 

6J. Reviewing text materials 
/ and dis'cussing ways in 

which learning might be 
enhanced by supplemental 
activities 



7 . The student will 7A. 
analyze pupil , 
teacher , subj ect 
matter, and environ- 
mental cues to select, 
organize, and admin- 
ister an effective 
mathematics program 7B. 



7C. 



7D. 



Reviewing a given 
course or school 
mathematics program 
to identify major 
topics in the curri- 

CulUJTl 

Comparing curriculum 
content with identi- 
fied needs of pupils 



:7a 



7b. 



7c. 



Reviewing texts for 
several grade levels 
to identify the spiral 
approach to 'selected 
topics 



7d. 



Examining given texts 
to identify places 
where the textbook 
presentation might be 
enhanced or replaced 
by an alternative text 
or activity 7( 



Discussions with 
students 

Students' oral 
or written re- 
ports and recom- 
mendations 



Long term re- 
cord of lesson 
plans to assess 
degree to which 
the student alters 
his/her teaching 
behavior. 

Feedback from 
pupils in terms 
of motivation, 
satisfaction , and 
learning 

Observation of 
leaching to de- 
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Performance Goals 



Enabling Acti v i t i f* s 



Means to Assess 



7E. Performiftg item ana- 
lysis of pupi Is* test 
performance to locate 
learning difficulties 
and suggesting appro- 
priate remediation 

7F. Consulting resources 
to develop enrichment 
activities that extend 
the basic mathematical 
content 



termiiio frequency 
with which teacher 
uses diagnostic 
tests , arialy/.os 
pupil errors, etc. 



The student will 
see pupils as indi- 
viduals* and respond 
accordingly 



8A. Formal instruction on 8a, 
relevant "psychological 
theories ; individual 
differences; needs and 
characteristics of 8b, 
slow learners, gifted 
handicapped, etc. 

8B. Practicum experiences 
in special education 
programs 

8C. Practicum experiences 
tutoring gifted pupils 
and pupils with learn* 
ing difficulties Sf. 

8D. Administration of 
diagnostic tests, 
Piagetian tasks, 
etc. to pupi 1 s 

8E. Systematic observation 

of selected pupils in 8d. 
a variety of settings 
in and out of school 

8F. Case studies and dis- 
cussions of these with 
experts and with other 
educators 



Observation of 
student, interacting 
with pupils 
1 

Checklists to 
assess frequency 
of student*s use 
of positive re^ 
inforcement , feed- 
back to .pupils^ 
using pupil com- 
ments or questions 
in instruction, 
etc.. 

Examination of 
lesson plans and 
teaching logs to 
determine extent 
to which lessons 
and assignments 
are differentiated 

Pupil feedback 
and evaluation 
of instruction 



8G. Video taping lessons for 
review and discussion 
by student, peers, and/or 
instructor 
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Performance Goals. 



Enabling Activities 



Means to Assess 



ifnt^: 



The student will 
combine the under- 
lying competencies 
into an effective, 
personal teaching 
style 



9A. 



9B. 



9G. 



9D. 



9E. 



Reading of profes-^ 
sional journals 
and participation in 
professional meetings 

Engaging in problem 
solving on a regular 
basis 

Building files of 
teaching resources, 
strategies , and 
materials 



9a, 



9b. 



9c. 
9d. 



Discussions with per- 
sons who regularly 9e. 
use mathematics in 
various contexts 

Interviewing or poll- 
ing pupils to deter- 
mine their attitudes 
and interests 



Observations in 
classroom ovor 
time 

Comparisons of 
observations to 
assess consis- 
tency of be- 
haviors 

Pupil feedback 

Pupil growth and 
learning 

Peer evaluation 
,of the teacher's 
contribution in 
meetings, work- 
shops, etc. 



9F. Discussions with teach- 
ers of other subjects 
on the relationships 
between mathematics 
and those disciplines 



10. The student will 
judge the effec- 
tiveness of one' s 
own te|ching 



lOA. 



lOB. 



IOC. 



lOD. 



Formal instruction 10a . 
and ^independent study 
of relevant research 
in math^atics edu- 
cation 



Interacting with 
colleagues in pro- 
fessional meetings 
workshops , and. 
seminars 



10b. 



10c. 



lOd. 



Conducting formative 
and sumhiative evalu- lOe. 
ations of pupil 
progress 

Observing colloaguf*s 
an<i visiting other 
schools 



Observations 
by colleagues 
or outside 
evaluators 

Self-evaluation 

Pupil feedback 

Measures of 
pupil growth 
and learning 

Peer review of 

professional 

contributions 
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Performance Goals Enabling Act iv ities Means to Assess 

lOE. Preparing immediate 
and long-term pro- 
posals for one's own 
professional develop- 
ment 



Establishing Assessment Criteria 

Establishing the performance criteria and assessing student 
attainment of them are undoubtedly the biggest obstacles to the adoption 
of any CBTE program. The lack of sound data on the relationship of 
teacher performance characteristics to pupil learning is much discussed 
in the literature (see, for example, Rosenshine and Furst, 1971). Yet 
CBTE operates on the assumption that teaching competencies hypothesized 
to effect pupil learning can be developed through appropriate kinds and 
numbers of enabling activities and that success in the attainment of the 
desired competencies can be established through the systematic assessment 
of teacher behavior. That assumption underlies our model here in the 
following manner: Generic competencies are identified which in turn 
give rise to specific instructional objectives. Attainment of the 
objectives is established when the student demonstrates an acceptable 
number and/or level and/or variety of specified behaviors, and from 
these is inferired the existence of the competency. Note that this 
approach is differenet from one that would equate competence with 
behavioral objectives that include specified mastery levels and 
conditions . 

Clearly, the identification of behavioral criteria is always a 
judgment call. These criteria must flow from the specified objectives, 
and they should represent one's best professional * judgment based on 
available albeit fragmentary and tentative, knowledge. They are 
defensible not because they are based on certain knolwedge, but becayse 
they represent a systematic attempt to assure that nothing essential is 
overlooked and because they lead to assessment that is specific and 
descriptive and that therefore enables precise, corrective feedback. A 
further cai»tion is imperative: The most important consideration is (or 
the stability and growth of behaviors and behavior patterns over time, 
and one must always assimie that the goal is growth in teaching competencies 
Thus behavioral criteria must never be allowed to become maxima or 
ceilings in any program. 

# 

In establishing the behavioral criteria, it is common to consider 
six types of criteria; i.e., 

kn owledg e that the student is expected to acquire, 

outputs (product.s, events) that the student is expected to 
produce , 

behaviors that the student will demonstrate, 
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attitudes that the student will display, 

consequences (usually pupil learning) that result from iho 
student's intervention, and 

experiences that the student will have. 

This last category, experiences, acknowledges the fact that not all 
outcomes can be specified in advance. An example of an experience^ 
objective is that the student will have practicum experiences in a 
variety of grade levels, mathematics courses, ability levels, and school 
organizational patterns. The outcomes of these experiences are not 
predictable, but might include the student's recognition of the 
uniqaeness of individuals and situations or a clearer insight into one's 
own strengths, weaknesses, attitudes, and preferences. 

There are several approaches to setting behavioral criteria which 
include specifying the expected frequency of behaviors, identifying the 
expected degree of accutacy or adherence to some standard, establishing 
a rating system and an expected performance norm, or assessing the 
result of the students' performances in terms of their pupils' learning 
arid growth. In any case, the criteria must take account of: How is the 
behavior to be demonstrated? When? How often? In what settings? In 
how many settings? Under what conditions? With what level of proficiency? 

The variety of options in establishing behavioral criteria will be ' 
illustrated for a specific competency: The student will demonstrate the 
ability to teach a mathematical concept. (Cooney and others have 
identified a set of "moves" or patterns ol behavior associated with 
teaching a concept that we shall assume in this illustration. See 
Cooney, Davis, and Henderson, 1975, for further discussion of the moves.) 
Sample criteria are suggested in each of the six categories listed 
earlier. No attempt is made, however, to set levels for these criteria. 
Such decisions are left to program developers, as they should be made in 
the context of total program goals. The sample criteria are as follows: 



Sample knowledjge cri ter la 

The student will: 

accurately define a specifi'^d concept 

give examples and nonexamples of a specified concept 

give counterexamples for a false generalization about the concept 

state the necessary and sufficient conditions for the concept 

compare and contrast the specified concept with related concepts 

identify prerequisite concepts 

show the relationship of the specified concept to others in 
the curriculum 

di f f^^rentiate between the concept and algorithms for the 
application of the concept 
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Sa mple o utpu t c ri teria 

The student will: 

develop a lessou plan for teaehing the cotuept 
design an activity that iises a physical model as an 

embodiment of* the concept 
plan a set of activities that contribute to the development 

of the concept and that provide both perceptual and 

mathematical variablity 
plan an activity that provides an application of the concept 

^P^^ behavior criteria 
The student will: 



teach a Lesson using each of the moves for teaching concepts 
teach a lesson using selected moves with a designated 
frequency 

teach a guided-discovery laboratory lesson to develop a concept 

Samp le_ at titude criteria 

The student will: 

discuss the significance of the concept in relation to various 

goals of mathematics 
disci>ss the importance of the coi»cept in various applications 



Sample co nsequence criteV ia 

The student will: 

teach pupils a concept they had not previously encountered 
teach pupils a new application of a previous concept 

(Attainment of consequence criteria is evidenced by resulting 
pupil knowledge and performance.) 



Samgle experience criteria 



The student wi 1 1: ^-^'^ 

teach the same concept to pupils of different ages 

teach the same concept to pupils of different abilities 

teach the same concept to individuals, to small groups, 
and to large groups 



Assessing Student Competenrios 



Assessment ot student competencies serves two major functions: .1 
descriptive function that enables the recording and analyzing of hehjvio» 
in order to provide corrective feedback, and a judgmental function that 



1973; Roth and Mahoney, 1975; Rosenshine and Furst, 1973; McNeil and 
Pogham, 1973; Farrell, 1979), and they will not be enumerate<l hexe. 

One consideration will be mentioned, however. In research, the 
traditional approach is to set high criteria for "certainty** fn .01, 
tor example). The position is that it is better to reject something 
that is true than to accept something that is false. If the same is 
assumed as necessary for CBTE, then doubtless CBTE will fail. If, on 
the other hand, evaluation is approached as an attempt to establish 
descriptive data about what the student can or cannot do, then it is 
possible for CBTE programs to proceed. * At the same time, research and 
development efforts should focus on establishing the reliability and 
predictability of various results based on the observed behaviors of 
teachers. From this knowledge, the expectations and means of CBTE can 
continually be refined and improved. 

One thing that can be said is that the more explicit the behavioral 
criteria, the easier they are to assess and evaluate; also, the more 
specific and useful will be the feedback that tlows from the evaluation. 
Ultimately, one is concerned with the stability and growth of competenc i rs . 
Hence, a one-time demonstration that the student can' do something is tar 
less useful than an on-going evaluation of behavioral patterns and tluM r 
use at appropriate times and with appropriate frequency. A constant 
concern is that the evaluation adequately sample the student *s behavif»r 
in order to yield defensible inferences of competence. 

There are, however, many means available for assessing student 
knowledge and performance. The varied means of assessment suggested 
earlier with the ten representative competencies and their relatoci 
enabling activities illustrate the range of possibilities. The 
appropriateness of means is related to the type of behavioral criteria 
being assessed. In general, knowledge criteria are assessed by all 
conventional c lassroom means (quizzes, examinations, papers, problems, 
solved, discussions, oral presentations, etc.). Outputs are examineil 
and evaluated according to specified norms or characteristics. Behaviors 
can be counted and/or rated. Attitudes are elicited directly from the 
student's written or oral communication or inferred from his or her 
nonverbal communication. Consequences are evaluated by measuring pupil 
growth. Experiences are counted. Jogged, described, and/or submitted to 
self-evaluation by the student. 

The earlier example of teaching a mathematical concept is used to 
illustrate* some aspects that the* assessment might consider. The student 
'Aduld he i»bsrrved m the classroom and/or video taped, and the evaluator 
KoulA not<», (oiint, rate, describe, and comment on the iol lowing: 
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Is the concept accurately and clearly df»l uu»at(»d? 

Is pupil interest motivated? 

Is the importance of the concept established? 

Are objectives and expectations rommum cated to pupils? 

!s the ^concept related to: previous learning? 

pupi 1 interest? 

pup I 1 experi ence? 

future learning? 

Is the concept appropriate for: the age and intellectual (i(*ve lopnient 

of the pupils? 
' the mathematical maturity ofthe 
pup i Is? 

the course and unit objectives? 
Is the presentation limited to the designated objectives? 
How many different moves are used by the teacher? 
With what frequency is each move employed? 
Is there an adequate variety of moves? 
Is there an adequate frequency of? examples? 

nonexamples? 
applications? 
How appropriate for the pupils are the: example^? 

nonexamples? 
applications? 

Are the necessary and sufficient conditions adequatj?ly developed? 
Does the teacher ask for a definition but accept an example? 
Do the applications and examples provide perceptual variability? 
Do the applications and example? provide mathematical variability? 
Are there adequate activities to practice or reinforce the concept? 
Arc there adequate opportunities to apply the concept to new 
situations? 

Are learning aids and physical models used in the lesson? 

Is there sufficient variety of learning activities? 

Does the teacher elicit examples and applications from the pupils? 

Does the teacher build on pupils* responses? 

Do the teacher* s questions depend on memorization or on u/iderstandmg? 
Does the teacher answer his/her own questions? / 
Does the teacher give all of the pupils sufficient opporuunty 
to answer? 

Does the teacher ask questions that help the pupils draw their 
own cone 1 us ions? 

Does the teacher ask questions that lead to refinement and deeper 

understanding of the concept'^ 
What is the proportion of guided discovery compared to the 

proportion of expository teaching? 
Has the teacher identified the prerequisite concepts and skills'^ 
Does the teacher build on the prerequiste concepts and skills? 
Does the teacher differentiate between the concept and the algorithms 

for applying the concept? 
Does the teacher elicit definitions or descriptions of the concept 

from the pupils? 

Does the teacher ask the pupils to v/^rbalize the concept t(»«» soon' 
Does the teacher move too quickly li computation or algorithms/ 
Does the teacher use counterexamples to disprove false generali- 
zations about the concept? 
What is the proportion of teacher talk compared to pupil talk? 
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.Does the teacher respond to individual pupil difficulties'? 
Is the teacher enthusiastic? 

Does the teacher give feedback and reinforcement to pupils? 
Does the teacher monitor and evaluate pupil learning? 
Does the teacher adjust to unexpected happenings? 
What is the degree of pupil understanding of tlie concept? 

I 

One advantage of an assessment such as that suggested above should 
be immediately apparent. Because the assessment is highly descriptive, 
the student can receive precise and soecific feedback. Hence, one knows 
not only how one is evaluated but also why the evaluation is given. 
Thus, one also knows what one needs to attend to in further learning 
activities and on^ can mark progress over time. 

. Overall, the evaluation of stud^ts in the program will focus on 
the following broad aspects: \ 

1* Growth and application of knowledge 

a. of mathematics 

b. of educational theory and research 

c. of human growth and development and of the intellectual 
and social needs of children 

d. of the goals and objectives of mathematics education 

e. of pedagogy and teaching methodology 

f. of general knowledge 

2. Instructional planning, delivery, evaluation, and feedback 

3. Oral and written comrnunication 

4. Classroom management 

5 . Problem- solving 

6. Affective outcomes (motivation, enjoyment, self concept, 

concern for pupils, etc.) 

7. Professional relations and interpersonal skills 

Evaluation will take place in the college classroom, in assessment 
centers, in laboratories, and in secondary school classrooms. It will 
be conducted by college instructors, by cooperating classroom teachers, 
by students themselves, by peers, by trained observers, and by pupil.<i. 
It will include paper-and-penci I assessments, discussions, interviews, 
direct and indirect observations, logs, outputs, self-evaluation, and 
more. Always it will need to be specific and descriptive, and always it 
must be communicated to the student and directed toward further profes- 
sional growth. 
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Chapter Five 
Teacher Education': A. Developmental Enterprise 

We began our presentation with an assump' ■ n that teacher education 
is an on-going, developmental effptt, a unified whole with stages of • 
teacher education viewed as different points along a continuum^ We wish 
now to examine that assumption more carefully. 



Pre-service Teacher Education 

Before we consider specifics of the pre-service phase of teacher 
education, we should recognize the research of Perry (1970) and its 
relevance for teacher education. Perry studied the intellectual and 
ethical development of college students and conceived a scheme to 
represent the forms or stages of that development. Perry's nine 
positiT)as described stages of development from an initial duality through 
multiplicity to relativism and commitment. I^e summarized those nine 
positions as follows: ' 

. Position -1: The student sees the world in polar terms of 
we-right-good vs. of.her-wrong-bad. Right Answers for 
everything exist in' the Absolute, known to Authority 
whose role is to mediate (teach) them. Knowledge and 
goodnescs are perceived as quantitative accretions of 
discrete rightness to be coll(»cted by hard work and 
obedience (paradigm: a spelling test). 

Position 2: The student perceives diversity of opinion, 
and uncertainty, and accounts for them as unwarranted 
confu^sion in poorly qualified Authorities or as mere 
exercises set by Authority *'so we can learn to find 
The Answers for ourselves."* 

Position 3: The student accepts diversity and uncertainly 
as legitimate but still temporary in areas where 
Authority, "hasn* t found the answers yet." He supposes 
Authority grades him in these areas on *'good expression" 
but remains puzzled as to standards. 

Position 4: (a) The student perceives legitmate uncertainty 
(and therefore diversity of opinion) to be extensive and 
raises it to the status of an unstructured epistemological 
realm of its own in which "anyone has a right to his own 
opinion,", a realm which he sets over against Authority's 
realm wlv£>te right-wrong still prevails, or (b) the student 
discovers qualitative contextual relativistic reasoning 
as a special case of "what They want" within Authority's 
realm. 



Position 5: The student perceives all knowledge and v.slaes 
(including authority's) as contextual and relativist u 
and subordinates dualistic right-worrig tuiutions t^) iUr 
status <>{ a special cast*, in context. 

PoMtion 6: The student apprelien<is the n(»cessity of orienting 
himself in a relativistic world through some fonm of 
pers-onal Commitment (as distinc-t from unquestioned or 
inconsidered commitment to simple belief in certainty). 

Position 7: The student makes an initial Conunitment in 
some area ... 

Position 8: The student experiences the implications of 
Commitment, and explores the subjective and stylis.tii. 
issues of responsibility. 

Position 9: The student experiences the affirmation of • 
identity among multiple responsibilities and realizes 
Commitment as an ongoing, unfolding activity through 
which he expresses his life style. 

(Ferry, 1970; pp 9-10) 



Perry discussed the above scheme at length and illustrated the 
posit ion*; With longitudinal case studies oi college stu<lerils. While his 
research was not aimed at any one group of students or at any sperilit 
academic field, Perry* s work suggests several considerations that may 
give insight into the education of mathematics teachers. 

Undergraduate students frequently were found to be at the earlier 
positions of the scheme, quite frequently moving from dualism through 
multiplicity. Mathematics educators will recognize hints of ^his in the 
behavior of their own students. Consider, for example, the degree t^ 
vvhich beginning edu(ation students seek answers on exactly how to do 
something: how to discipline, hoV to grade, how to teach fractions. 
These students look to their college prof( ;sors and cooperating tt^*.hers 
lor the answers, and it can he difficult to lead the r>ta<lt»nts to formula e 
answers of tht* i r own 

This 'iifficulty manifests itself often in mic rotearhing situations 
js.so<.iated with methods classes An example of a typical assignment 
might b^ to pr^^sent a short lesson to introduce a selected concept. The 
methods student prepajos and presents the lesson to a small group oi h\K^\ 
.'^hool pupils or peers, and lesson is video-taped for later playback 
and discussion. In that discussion, th^ professor may ask the student 
to explain whv he/she chose to u«e a particular problem, example, 
application, or teaching ::id m uifroducing the concept. Rather than 
:e(*^ive an explanation that "I <lid it that way because it is not 

unusu.il to ht* aut with thr rustlr of papers and notebook ^.ov^rs as thr 
stndecits prepare to write down '"the light way" whuh, of course, tliry 
e*xpect the prof»^ssor is about to dictat*'^ 
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The tendency to cling to dualism may be more acute in mathematics 
than in other subject areas because, as noted in Chapter One, we so 
frequently encounter a dualistic view of mathematics itself. An example 
of this came not from an undergraduate, but from an older teacher villi 
maoy years of teaching experience. During a graduate mathematics 
education course, the class was examining the procedure for lindin^^ 
square roots by the divide-average-divide again algorithm. Fascinated 
by the fact that this method, which was new to him, always worked, the 
teacher was at the same time deeply disturbed. At last he was co.mpeiled 
to demand "Ok! That's very nice. But when are you going to teach them 
the real way?" 

Pre-service and beginning teachers are overwhelmed with concerns 
about their subject matter and about their own abilities. Will 1 know 
the mathematics? What if a pupil asks me a question and 1 don't kno>/ 
the answer? Will they obey me when 1 discipline? What should I do it 
they won't listen? They want answers. 

Teacher educators, on the other hand, cannot give all the answers 
that the students would like. Rather, they should help the students to 
examine at least some^^*of the alternatives available^to them and to 
attempt to assess the probable consequences of each: 

How do you think pupils would solve that problem? What 
is likely to confuse them? What are some things they would 
have to know before they could work the problem? If a pupil 
doesn't understand X, what might you do to help him learn it? 
What are some questions you could ask your pupils to see if 
they understand the concept? What are some extensions or 
applications of that idea that you could present as a challenge 
to the pupils? How was this topic discovered? What was its 
significance to the history of mathematics? When will the 
upils need this new concept again" What advantages are there 
n presenting the concept by method A rather than by method B? 
What are some good manipulatives t(^ use in this lesson? 

What happened when the teachei disciplined the pupil? 
How did the teacher's action seem to affect the pupil who was 
punished? How did it affect the rest of the class? What other 
actions could the teacher have tak^n? What would you reasonably 
expect the outcome of those other actions to be? Which would 
you have chosen to use? Why? 

Questions like these are intended to help students recognize that 
there are multiple approaches to teaching situations, that some may be 
preferred over others, and that different teachers may choose different 
responses. Rarely is there one approach, one "right way"; what is 
important is that the teacher learns to act 1 rom a rationale that 
expre:>ses his/her personal beliefs and style. 

What we are saying relative to Perry's work is that i is imporlaul 
to recognize the level of development of the future tt icher and to help 
him/her move toward the higher positions. What we are* saying relative 
to the taxonomy is that' we want to le-id the teacher to perform at the 
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higher levels of analysis, synthesis, and evaluation. Earlier vf* 
suggested that many of the competencies associated with the pre-i>(»rvuo 
phase of teacher education would be at the first three levels of the 
teaching taxonomy. Perry's work suggests that we must be realistic 
about our expectations. Many of the teaching competencies associated 
with the higher levels of the taxonomy presume attainment of the higher 
positions of Perry*s scheme. For example, in order for a teacher to 
formulate and act upon a- consistent philosophy and rationale fon teaching 
the irtdividual must be able to accept the relativism inherent in the 
teaching situation and to make personal decisions and cojnmi tments . 

This is not td suggest that the competencies expected from pre- 
service teachers be limited to the knowledge, comprehension, and 
application levels. The lists of que3tions suggested earlier, tor 
example, are ultimately directevi at the higher levels of the taxonomy. 
But the degree of attainn\ent of higher-level competencies will differ 
from beginner to experienced teacher. 

Smith proposed the following as a list of minimal abilities that a 
program ot teacher education should develop: 

the abi 1 i ty to 

1. perform simulant operations (questions, structure*, 
probe) ; 

2. manipulate the different kinds of knowledge; 

3. perform reinforcement operations; 

4. negotiate interpersonal relations; 

5. diagnose student needs and learning difficulties; 

6. communicate and empathize with students, parents, and 
others; 

7. perform in and with small and large groups; 

8. utilize technological equipment; 

9. evaluate student achievement; and 

10. judge the appropriateness of instructional materials. 

(Smith, 1969; p. 71)^ 

These can be translated into competencies more specific to mathematic 
teaching, such as the following: 

the abi 1 ity to 

differentiate among ccncepts, generalizations, skills, and 
problems ; 
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describe and demonstrate appropriate strategies for teaching 
concepts , genera lizat ions , s^i 1 Is , problem- solving; 

' - * 't 
use heuristic techniques and higher-order questions; 

plan and teach guided-discovery loi.sons; and 

locate, adapt, or design manipulative materials and use these* 
in presenting mathematics lessons. 

In generating these ideas about required and/or desired teaching 
competencies, it is useful to begin with the teaching process itself.* 
Five major domains suggest themselves: knowledge, planning, instruction, 
evaluation, and development. 

KnowJLed^e 

What will the mathematics teacher need to know? A good starting 
point is NCTM's list of "Guidelines for the Preparation of Teachers of 
Mathematics*' (1979) which includes knowledge competencies in mathematics, 
in humanistic and behavioral sciences, and in teaching and' learning 
theories. Important to include here is the ability to identify major 
unifying concepts of mathematics and to explain them in a way that is 
meaningful to a secondary school pupil. The ability to find the roots 
of an equation is quite differofit from the ability to explain to pupils 
the concept of a variable. The former is an example of knowledge of 
mathematics; the latter is an example of the knowledge about mathematics 
that we noted in Chapter One. Other examples of major unifying concepts 
are function, measurement, ratio, proportion, similarity, equivalence, 
and probability. Knowledge about these and other major concepts should 
be stressed in the pr'e-service program. 

Plannijig 

Examples of competencies related to planning for Instruction include 
the following: 

the abi 1 i ty to 

identify key ideas and conceptti in mathematics topics and 
activities ; 

specify long-range instructional goals and unit and lesson 
objectives; 

plan a variety ot learning activities designed to foster 
achievement of the specified objectives; 

plan learning experiences that take into consideration 
individual pupil needs and backgrounds and make 
provision for individual differences ; 
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plan lessons and units that reflect sound learning theory 
and/or research; 

• 

•give a rationale for^'the seUctian of objectives and the 
proposed sequencing of learning experiences; 

•plan examples, non-examples, appi Leal ions ,. prob lems ,* 

questioning , i;equences , models , manipulatives , etc. , 
for use in the lesson. 

specify any concepts, principles, or skills that are 
prerequisite for the new lesson; and 

anticipate aspects of the material that are likely to be 
coafusing or difficult for the pupils and plan 
strategies to confront those difficulties. 
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Competencies j.5*lated to instruction might include these: 

the ability to 

motivate pupils to become involved in the lesson; 

employ a variety of instructional strategies and materials 
in presenting lessons; 

adjust teaching strategies, pace, difficulty, and content 
of the lesson to match the stated objectives and the 
neteds and characteristics of the pupils; 

bring the class to order, establish a relationship with 
the pupils, and structure the learning environment 
so pupils will be free to learn and to express their 
curiosity and creativity; 

foster a wide variety of interaction styles between teacher 
and pupils, between pupils and pupils, and between 
pupils and the curriculum; 

relate new mathematics topics to previous learning, to 
pupil interests and experiences, and to other 
content areas; 

, employ a variety df questioning techniques and problem- 
solving opportunities; 

provide adquate feedback and reinforcement; 

demonstrate effective communication skills apd inLerporsonal 
relations; and 
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demonstrate genuine J»nthusiasm for mathematics, for pupils, 
and for teaching mathematics to pupils. 



Evaluation 



Examples of competencies that <lerive from evaluation arc: 

the ability to * 

identify pupil errors and error patterns and diagnose 
pupil difficulties; 

prescribe appropriate learning experiences based on 
diagnosis ; 

develop tests and other evaluation instruments based 

on the goals and objectives of the lesson, the unit, 
and/or the program; 

evaluate pupil learning, teacher effectiveness, and program 
success using a wide range of tecjindques in addition 
to tests; and 

analyze the results of evaluation procedures and use the 
findings (a) to provide feedback to pupils and their 
parents and (b) to modify and improve instruction. 



Development 

Competencies related to the professional development of the mathematitrs 
teacher may be represented by: 

taking 'advantage of opportunities to improve teaching through; 

reading the professional literature in mathematics education; 

participating in professional meetings and activities at the 
^ local, state, and national level; 

^ identifying and utilizing a wide range of instructional 

resources available both in and out of the sch(Jx)l; 

sharing promising ideas and effective techniques with 
colleagues; 

planning a personal program for continued study of 
mathematics and mathematics education; and 

developing expertise in curriculum planning, development, 
and evaluation. 
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Once again, the competencies above do not represent an exhaustive 
list of program goals. Rather, they are presented to call attention t(» 
the scope and complexity of mathematics teaching about which teacher 
educators must be concerned. The lists can and should be modified and 
extended'.'. Also, the broad competencies stated here must be refined, 
clarified, and made specific. None will be fully achieved by the 
pre-service teacher, but their development is rooted in the pre-service 
phase of teacher education and progress toward them constitutes the 
focus of the program. 

There are many approaches to the development of outcomes such as 
these in addition to lectures and discussions. We will suggest some 
here and illustrate them with examples. 

Giuded observations 



Observation is a skill too often taken for granted. If students 
report they -are bored with classroom observation, it may be because they 
don't know what things to look for. Perhaps never again will a teacher 
have as much opportunity to observe teaching as during the pre-service 
phase of teacher education. That opportunity should not be wasted. 

Observation guides that focus student attention on specific things 
can be prepared and given to students before a classroom visit. Later 
the students discuss the observations in a small seminar and consider 
the implications of those observations for teaching mathematics. For 
example, an early observation might be planned to focus attention on the 
classroom itself. Some of its points might be these: 

Sketch the physical arrangement of the classroom, including 
all furniture and equipment. 

How does the classroom arrangement contribute to or distract 
from learning? 

Make a list of the learning materials and equipment in the 
classroom. Indicate with a (P) those items that are 
readily available for pupil use; indicate with a (T) 
those items that are for teacher use^only; indicate with 
an (X) thoe items that are used by pupils only with the 
teacher's permission. 

Is the classroom noisy? Adequately ventilated? Adequately 
lighted? Too warm or too cold? 

Are the bulletin boards decorated? Sketch or describe them. 

Is student work displayed in the classroom? How? For what 
purpose? 

What elements of the room make it a pleasant (or an unpleasant^ 
place to be? 
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Describe the conditions of the pupils' desks, the wails, tloor, 
. window coverings, chalkboards. 

If you were unfamiliar with the school, what features ot the 
room would tell you that you were in a mathematics 
classroom? 

In the discussions that follow students can share and compare their 
observations and thereby be helped to consider how the phyj^ical conditions 
of the room contribute to the learning environment. 

Because guided observations are an important part of the teacher 
education experience, additional suggestions for observation are given 
in the appendix. 

Problem-solving 

Students in the program should regularly engage in problem-solving 
themselves. A recommended strategy is first to present the students 
with a problem and allow time. (hours, days, weeks, as needed) for their 
solutions. For example, present the game of Nim: 

Twenty-one markers ace placed in a pile. Two players 
take turns removing one, two, or three markers from the pile. 
The player to take the last marker wins. 

Have the students play the game and try to develop a strategy for 
^winning. After they have solved the problem, discuss their solutions. 
How many different solutions were found? What heuristics helped in 
solving the problem? Wliat heuristics did not lead to a solution? Is 
the problem similar to any other thoy have solved? 

Discuss how the students think school pupils would do the problem. 
What difficulties would you expect pupils to have? Do you think the 
pupils will solve it? How? 

View video tapes of pupils engaged in the same problem. Discuss 
the pupils' behavior, their degree of understanding of the problem, the 
difficulties they seemed to have, some reasons that might account for 
those difficulties. Evaluate the teacher's role in presenting the 
problem and/or have the students suggest how they would handle the 
lesson. 

Have the students present the problem to friends or to high school 
pupils and report how those persons solved it. 

Generalize the pr:oblem to new situations: What if there were more 
than twenty-one markers in the pile? What if you could take more than 
three on your turn? Suppose you start with N markers in the pile and 
that you can take any number of markers from a to b. How would you play 
then? Suppose your goal was to not take the last one (i.e., the person 
who takes last is the loser.) Now how should you pU>v? 
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Not all problems need to be given to the students. Instead, the 
students should be encouraged to make files of interesting problems that 
they have found, to exchange problems with ^ach other, and to create 
problems of their own. 



Thinking about mathematics 

Present the students with new questions about old topics so they 
will have to think about those topics more carefully. For example: If 
I give you a very large number, how would you determine if it is prime 
or not? What is the most efficient way to make the determination? If I 
gave you a very large number that is not. prime, how could you be sure 
you had found all its divisors? How would you determine what is the 
smallest number with exactly twenty-four divisors? How-would you prove 
to a high school pupil that there is no largest prime number?- 

Thinking about mathematics also^ involves thinking about the reasons 
behind well-known facts. For example: The product of two negative 
numbers is positive. Construct a developmental sequence of instances 
and/or examples that lead to this generalization inductively. Construct 
a developmental sequence of statements that lead to this generalization 
deductively. Write a deductive proof or verification of the general- 
ization. Give a counter-example to the claim that the product of two 
negative numbers is negative. 

Popping the question 

There are many concepts and principles that should become second 
nature for a mathematics teacher but that sometimes become stumbling 
blocks because the students have "learned'* or accepted them without 
really thinking about or understanding them. Asking students unexpectedly 
to explain a concept or mathematical procedure can encourage thinking 
about mathematics as well as provide opportunities to discuss and examine 
more closely some important ideas. For example: 

What is II ? (Note that the most frequent response is 

numerical, 3.14 or the like. That is not the intent 

of the question, which seeks to elicit a response 

indicating that 11 is the ratio of the circumference 

to the diameter of any circle.) 

What is area? or volume? (Ag^-in, it is common to 
receive an answer that indicates an algorithm: 
A = 1 X w, for example. The question seeks to 
elicit a description or definition of the 
con .ept of area and/or volume.) 

In algebra class you spend a lot of time teaching pupils 

to factor quadratic equations. Why is that importantf 
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How many different ways can you think of to show that two 
. ' lines'are parallel? 

Why do we say = 1? 



Scavenger hunts 

Unlike popping the question, where students are expected to produce a 
Response without any special preparation, scavenger hunts pose questions 
for which the students must seek answers in various. resources . Scavenger 
hunts may *focus on different aspects of teaching such as content, methods, 
curriculum, or attitudes. For example: 

On content: 

When was the number zero invented and by whom? 

Describe several non-euclidean geometries and compare 
/ and contrast them to each other and to euclidean* 
geometry. * 

What are amicable' numbers? Give some examples. 

Find some examples of the fibonacci sequence in the 
' physical world. 

On method: > 

Find several different mathematical models and/or sets of 

matericrls that you could use in teaching multiplication 
or division to junior high school pupils who are having 
trouble with these operations. 

Describe an activity, model, problem, or investigation for 
introducing the concept of a limit to, senior high 
school pupils . 

On curriculum: 

Select a single textbook series and find where the 

following topics are introduced: negative integers; 
algebraic expressions , exponents , simi lar figures , 
trigonometric functions . . . 

Find all of the places throughout the series where ratios 
are used. Outline the treatment of that topic each 
time it appears. 

In the series, which is introduced first, fractions or 

decimals? Are pupils expected to know certain things 
about one before studying the other? If so, what? 
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Dq attitudes: 

Take an informal poll of twenty of your friends who are 
not mathematics majors. Try to determine how they 
view mathemtaics and what they do or do not like about 
it. How did they develop .their attitudes? 

Interview a fifst-year mathematics teacher and try to fin<i 
out what aspects of teaching were most difficult, moi l 
enjoyal)'le, most frustrating, most surprising. For 
what was the teacher best prepared? least prepared? 
What advice does the teacher have for you? 



Thinking on your feet 

Role-playing typical classroom situations can be helpful to the 
prospective teacher. Here one student is selected to be the teacher; 
another is the pupil with the problem. The rest of the students ad lib 
the roles of the other pupils, something they generally prove to be very 
good at. The pupil with the problem (supplied by the professor) initiates 
the activity: ^ ^ 

I don't understand why you marked these wrong on my paper: 



'3 5 8 ' . 

• 95 5 . . ' 

How come you can't divide by 5cero? If yon have* nothing and you 
^divide it by nothing, you still have nothing. So why don't 
we say 0 0 = 0?. 



Dilemmas 

Students are asked to consider typical situations that t^iey may 
face and to describe what they would do in each case and why. For 
example: 

How would you react to the following reasons why a pupil 
doesn't have her homework? 

I had too much homework in biology. 

, I had to work last night. 

V I forgot what the assignment was. 

I lost it. 

I diti the wrong page so I threw it away. 

I didn*^t do it. 
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Anne always seems to learn new material easier and more quickly 
than anyone else. Whenever you try to develop d concept or 
present a discovery lesson, Anne "spoils it" by blurting out 
all the answers before the others have time to solve the 
problems. What can you do to keep Anne from spoiling it for 
the others wi/thout at the. same time* destroying Anne's 
enthusiasm and interest? 

Activities like the examples above should begin well before student 
teaching, and they can be continued well past the pre-service preparation 
stage. Such activities facilitate the translation of knowledge into 
teaching behavior, and in them are the seeds for the evolution of a 
personal philosophy and style of teaching. 

The Beginning Teacher 

The first few years of teaching, especially the first year, are so 
critical in the life of a teacher that they warrant special attention. 

Ryan,*s book. Don't Smile Until Christmas (1970), contains personal 
accounts of the learning, growth, joys, frustrations, successes, and 
failures of first-year teachers and is worthwhile reading for teacher 
educators, administrators, and supervisors. Elsewhere Ryan discussed 
the problems of beginning teachers identified in numerous studios, 
focusing on five areas: 

The ability to maintain discipline in the classroom; 

students* liking of them; 

their knowledge of subject majLter; 

what to do in the case they make mistakes or run out of 
material ; 

how to relate' personally to other faculty members, the 
school system, and parents (Ryan, 1979) 

Smith, too, noted the seriousness of the problems of beginning 
teachers and concluded: 

\ 

The bewildering network of activities inl^o which the beginning 
teacher is drawn often confuses him and leads him to wonder 
what the role of the teacher actually is. In many instances 
he loses sight of his responsibility for educating his pupils 
. as M attempts to meet and deal with all the influences that 
play upon him from one hour to the next. The natural tendency 
of an individual in such circumstances is to flee at the 
earliest opportunity. (Smith, 1969; p. 25) 

What ran we do about the problems of the beginning teacher? The 
answer to that question is suggested by identifying the two principal 
reasons why the problems exist to begin with: the failure to deal with 
these problems in the pre-service program and the Lick of a ;;upport 
structure for the beginning teacher.. 
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In the previous section we discussed at length approaches to 
pre-service teacher education that are designed to focus on the />inds vi 
•problems frequently encountered by teachers/ Regular use of these 
strategies and emphasis on the teacher's responsibility to make chouos 
and decisions, to formulate reasons for those decisions, and to antiiipate 
the conse<iuences of those choices will alleviate some of the unexpected 
realities of teaching. 

We must be cautious, though, either of expecting too much or of ( ^ 
being too critical of the unde^rgraduate program* The pre-service teather 
IS essentially limited to simulated laboratory experiences and to student 
teaching hence, to behaviors at the second and third levels of the 
taxo^iomy. These are suggestive but not necessarily predtctive of the 
beha\|iors they will exhibit in actual teaching, for while it is highly 
unlikely that one will do unless one can do, the fact that one can do 
something does not necessarily mean that one will do it. Further, the 
pre-service teacher often lacks the experience really to understand the 
implications of many of the aspects of^ the undergraduate program until, 
he/she has more classroom experience* 

The pre-service teacher has one definite advantage which the beginning 
teacher usually does not enjoy, however:' a support structure of peers 
and mentors* The loss of these often is keenly felt by the beginnin'g 
teacher who finds, himself without a cooperating teacher, or methods 
instructor, or student teaching supervisor, or seminar group with whom to 
discuss ideas on problems* This is a need largely unfilled in teacher 
education* 

We 'do not believe that beginning teachers should plunge immediately 
into formal post-baccalaureate educational programs, but we do advocate 
mare infprmal in-service activities directed specifically at their 
needs* These can bo offered by school districts or by the undergraduate 
or graduate institutions and they can include any of the activities 
suggested for the pre-service program* Indeed, we have found that 
beginning teachers not only do not object to repeating experiences from 
the pre-sei vice program, but that they, actually enjo^ doing so because . 
they bring to them an understanding and a felt need that they could not 
have had as students. Beginning teachers also have appreciated the 
opportunity to get together socially with other beginning teachers to 
share experiences and to trade ideas for classroom use* 

Beginning teachers also need and appreciate supervision and help on 
the job, but that supervision must yield specific and constructive feedback* 
No teacher is helped by an occasional ten-minute visit from a supervisor 
or by an evaluation that simply states th^^ class was adequate or the 
pupils were not learning. No one is more concerned a{)out classroom 
problems than the teacher who must spend every day in that classroom, 
and most tc»achers sincerely want to deal with their problems and to 
continue to improve their teaching* They need specific feedback that 
recognizes their strengths and that offers ideas that can lead to action 
m building on those strengths while attending. to their weaknesses. 
Ag*un, all of the approaches described elsewhere in this book continue 
to be appropriate here. 
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Experienced teachers sometimes forget the special frustrations and 
pains of the early years of teaching. In particular, the (.raiisitiori m 
self-image which must occur frpm the pre-service teacher who views self 
primarily as student to the teacher who accepts self as teacher is a 
signifir?.nt one. Teacher educators and teacliing colleagues should nol 
underestimate its importance. 



^In-service Teacher Education 

We will take in-service teacher education to mean all those 
educational experiences of the teacher after the baccalaureate degree, 
including advanced degree programs ; .academic work outside of a degree 
program; and in-service education offered through school districts, 
professional organizatipns , colleges or universities, and state agencies 

The goals of in-service education were summar-ized by Downs to be 
the 'fol lowing: 

1. To provide teachers the opportunity, the time, the means, 
and the^ materials for improving their professional 
competencies . 

2. To assist teachers in applying to themselves new insights 
into the learning process. 

3. To help teachers expand their perceptions 'of mathematics. 

A. To assist teachers in developing creative instructional 
approaches (a) that^are meaningful and mathematically 
correct and (b) that inculcate in students an enthusiasm 
and a satisfaction in learning and »*sing mathematics. 

5. To provide a means of maintaining quality in the existing 
curriculum. 

6. To provide a means of assigning priorities to school 
problems and their need for solution, 

7. To provide a mechanism for responding to problenfs of 
a curricular nature, to problems of an instructional 
nature, or to problems in human relations. 

8. To facilitate a school's making full use ot' its resources 

9. To implement significant innovative curricular and 
instructional practices. 

(Downs, 1977; pp 5-9) 

All of these goals, especially those which refer to the teacher 
personally, reinforce the basic tenet that the goal of continuing 
professional education is to help teachers develop competencies at the 
higher levels of the* taxonomy. 
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Yet in-sorvice education has been widely critic i?:e(i ior hiiliii;; to 
ichieve its purposes. Otte, commonlinx on the s:tualioii wor Idw i>*c , 
(juoted a report ot the Organization for Kcoiionuc Co-o|>^rat ion and 
Development as follows: "There ^eems to be international unanimity on 
the crucial part that should be played by contMiuous in-service edui^ition 
tor teachers, tor tcichers ot teactiers, and lor others irivolved in 
adminis t rdtion in the education system" (Otte, 1979; p. 116). Yet, hr 
went on to repor. that in most countries the situation in practice vas 
bidiy wanting. Two contributing tactors which ^tle identified w^ere 
''perceptible t^*nsions between 'theory and practice', between institutions 
concerned with teacher educac;on aii<l the schools themselves" and "thr 
disconnected variety of course otferings and the lack of tontinuity 
h^twe^^^n courses*' (pp. il6-117). 

Olt( s conclusions appear to bc» in agreement with the criticism ol 
teacher education leveled by Snnth a decade earlier. He charged that 
proj<rams in universities and colleges were chaotic, with teachers often 
taking a potpourri of courses selec^ted more tor convoTiience than for 
usefulness t'> their jobs. Educat lun beyond the pre^sfrvite level, Smith 
charged, was geare«^ not to improving teacher performance hut to increasin 
teacher salary. And he noted: 

The lack of connection betwe^M! prr»>nnial <"<i«uation .Mid 
improvement in perf ornidnce can be attributed also to lh»* 
failure of higher lust ifjtions to devise programs of 
advanced training. They provide courses in pedagogy 
N^nd in the disciplines, but tht se are toe otten dc^signed 
v^th little reference to the various role^- that teacliers 
play. Furthermore, thes(» couries *ire not group^Mi and 
ordered so as to lead progressively to more effective 
peitormance in specif umI rolc-s and positions. (Smith, 
196'), pp. 15i-r)4) 

' Tbt» approach to teacher ediu.it ion through tli^ teacrang taxonomy can 
h**l{. ,iddrc'ss the problem of tt*nsw>ns botv^eeu univc^rsi t ies and schools 
that '/lie identified, thr la«^k of p rogran^mat i c integrity notcni by both 
iKte and Smith, .md the tdiiiire lo cc/jistiuct programs derive! from tfie 
rt*\v'- uid needs oi teachers charged by Sn-iih. Throughout this discussion 
vr have' »tt«m*pl*'d to show the rehitionship between the competencies 

fled hv te.j'hrrs and the educational experienres drsfgned to bring 
.fhoat th^se competencies. 

ihe contuiuing piofessionai education ot mathematics teacliers can 
uid .-ho'ild reflect the deepening, strengthening, modifying, and extending 
of th^' ' -mpc^tenc iv-^s developed earlie; on the contniuum, as well as the 
ilditjon ot new ones. Teachers engay>ed in in-service education enjoy 
Ih'^ .»dv. intact' of a ciassro^*ni perspective on aspects ot teaching that are 
r-.H to thorn, and m-service education can bring to henr upon those 
.itu.Uioie. *inv '>f the strategists dei>(ribod for the ^e-service program 

.'(i-^ervl^^» t(»ac!iers also should have a deepened ' nnder^t an*l i ng <>1 
t ht n.iture .in»l rel<it lonships ot mathematics to i)ring to their own 
vofttinumg stuily of mithematirs, ind wt* wisli to affi,.rm the importance ot 
mathematics toKh.-rs continuuiyf^ to ^tiidy mat ht»m.it i cs themselves. Let 
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thert* be no misuiuierstanding. We re)t»(L the argument thai urs<,MVil(* 
education should focus only on methods, on the mathematics tht* UvkIum 
actually teaches, or on something for Monday morning. All of these .n 
significant and worthy of consideration, hut th(*y cannot be aMowod to 
displace mathematics entirely. 

The in-service period also is a good time to reexamine old lop!<.s 
from a new vantage point. After some experience teaching about 
functions, limits, quadratic equations, trigonometric relations, the 
Pythagorean theorem, etc., teachers benefit from a new encounter with 
some of the many ramifications of these ideas. Geometry teachers 0/ 
ccmsiderable experience, lor example, have been surprise<i to discover 
that the pythagorean theorem need not be restricted to squares 
constructed on the sides of the right triangle, but that it can he 
generalized to any regular polygons or even to any similar and similarly 
placed polygons on the thret* sides. 

Finally, we^ shou' 1 not lose sight of the importance of modeling 
teaching in the in-service program. Undergraduate students probably 
have more opportunities to observe teaching than do practicing teachers. 
Jackson observed that: 

. . . teaching is such an engrossing activity that 
many teachers do not have time , to look at their own 
practice and that of their colleagues with a critical 
eye. Moreover, even when they are given the oppor- 
tunity, many of them do not know what to look for. 
In other words, they lack a critical stance from which 
to examine the process of teaching in general and 
their own work in particular. (Jackson, 1971; 29) 

Persons responsible for in-service education should take this as a 
serious challenge, for it is closely related to the goal of developing 
higher-level competencies . 

Elsewhere we have suggested strategies for helping teachers focus 
their attention through guided observation in classrooms or via video 
tapes. Those same strategies can be used by practicing teachers who 
should be encouraged to video-tape and analyze their own classes as well 
as the demonstration lessons taught by others. Jackson\s further comments 
support this position: 

Closely related to the problem of professional commitment 
IS that of encouraging teachers to become critical of 
their own actions. Here the needs are both technical and 
conceptual. We must help teachers see themselves an<i 
others at work through videotapings , observational 
schedules, more frecjuent visits to neighboring classrooms 
hut we must also'^help provide a critical perspective 
from which to examine the proc(»ss ot teaching. (Jackson, 
1971; p. 
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If we be^in early tn the teacher educat ion 'program to develop tins 
critical perspective, the* task will not overwhelm tlie in-servic«.' leadu^r. 
And the teacher who develops the capacity and the disposition to horie5>tly 
evaluate his/her own teaching is the teacher most likely to benefit 
his/her own pupils. 



Stepping Back 

We have contended that teachers should become ('valuators of their 
own teaching. So, too, should teacher educators become evaluator.s ot 

teacher education. In Chapter One we cautioned against assuming an 

engineering type research stance in evaluating teacher education programs, 

ftut we believe that the taxonomy can provide a framework to step back 
and to assess teacher education. 

Many quest ions about teaciiing are unanswered, Ve suggest a ft^w 
here: 

What competencies should mathematics teachers have at 
different stages of professonal development? Do teacher 
education students develop the knowledge and skills we desire? 
What behaviors do practicing mathematics teachers actually 
exhibit? Are they compatible wich the set of desired 
competencies? How do they change over time? 

What are teacher education students' views ot mathematics? 
of mathematics teaching? Do those views change as the students 
participate in various experiences? In v/hat way? Do tiiey 
change during the first year or two of teaching? In what v^ay? 
Do the teachers* beliefs about mathematics affect their teaching 
behayiors'^ 

Do the teachers who complete the program increase their 
understanding of concepts? their understanding and skill at 
problem-solving? Do they use more and varied teaching 
strategies? more applications, problems, models, or materials'' 
Do they vary their teaching strategies according to pupil 
characteristics or curricular content*^ Do their pupils improve 
their understanding of mathematics and their problem-solvnu^. 
skill? 

Each question suggests many more! 
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Designing a Program 

It IS one thing to recommend (oKeveii to mandate) that one adopt a 
systematic approach to teacher education through pre-spec i f led objectives, 
it is quiteN another thing to determine what those objectives should be. 
It is one thing to expect that enabling activities be i elated to objectives 
and that evaluation reflect demonstrated competence; it is quite another 
thing to establish how these are to be* achieved. Obvi<'Usly, the 
responsibilities of program planners lu decision-making, are enormous. 

While programs may share many common characteristics, each, in the 
end, is unique. Needs, personnel, and situations differ, and it is not 
possible either to develop the definitive ^iTOgram or to transplant a 
program unchanged from one setting to another. What can be done, though, 
is to outline major steps to be taken^ important questions to be asked 
and answered, significant decisions to be made. These, in turn, can be 
enhanced if program developers review the experiences (»f others undergoing 
similar development activities^ (see, for example, Giles and Foster, 
1972). Below is ah overview of the development process. 

1. Cla ri f ica Vion of the task 



Review and clarify the program goals and needs. 

Identify all who will be affected by the program changes 
and involve them from the beginoing in planning 
and development. . ^ 

'J 

P^stablish a rationale to guide program development. For 
example, will the program be limited to what can 
presently be demonstrated and validated? .Will 
competencies be derived from conceptions of what 
teachers should do or from what they actually 
are observed to do? 

Establish a time line for program development. 

2. Ident I f 1 ( ati on of the competencies 

Determine ^he approach or combination or approaches to 

corrpetrncy i dent 1 1 ica tion . Represent at i ve approa( hes 
incUu'e the fol lowing: 

a. Identify the desired pupil outcomes and from these 
inter requisite teacher knowledge, behavior, and 
att 1 tudes . 

) 

P^xamine exusting courses in teacher education and 
translate their C(Hirse (oiUeMit into competency 
statement s . 
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c. Derive competencies from the consensus of practi- 
tioners, teacher educators, etc., and from the 
recommendations in the professional literature. 

d. Observe teachers recogni7.ed as effective and 
record their behaviors. 

e. Obtain competencies by theoretical generation 
derived from" models of teaching such as: 

* teaching as interaction 

teaching as behavior modification 
— teaching as information processing 
teaching as concept formation 
teaching as problem-solving 

Generate competencies. 

Review competencies to determine 

a. if all levels of the taxonomy are appropriately 
represented ; 

b. if the competencies are consistent with known 
research, psychological theories, etc.; 

c. if th? competencies are- appropriate 

at various levels of professional development, 
for desired pupil outcomes, or, 
for preparing the teacher for ^^arious grade 
levels and school situations; 

d. if the competencies are conistent with the recommend- 
ations of relevant professional gorups; 

e. if individual competencies bear the desired relation- 
ship to the total curriculum; 

f. if the set of competencies is internally consistent; 
and 

g. if any essential competencies have been omitted. 
Determine entry level competencies. 

Specify competencies expected at various stages of professional 
development . 

< Delineate requried competencies recommended competencies, 

optional competencies. Relate optional competencies to 
specific situations for which they are important. 

Make the competencies public. 
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Establishment of assessment cr i teria 

From the competencies, determine the expected level, variety, 
and frequency of criterion behaviors. 

Where possible, determine the research baseband the relalionbhip 
of criteria to teacher effectiveness and pupil learning. 

Development of enabling acti viti es 

Derive proposed activities from stated competencies and 
objectives . 

Reviewproposed activities ^ 

a. to ensure activities in all four areas: formal 
instruction^ laboratory, practicum, individual 
study ; 

b. to assess the adequacy of the variety of alternative 
activities in accommodatirtg the different learning 
styles of the students; and 

c. to ensure the existence of enabling activities 
for all identified competencies; 

Determine materials, resources, and protocols to be located, 
obtained, or developed. 

Determine the appropriate sequencing ot the enabling 
activities . 

Determine the cost of the instructional progran\ including 
resources, space, and personnel needs. 

Establishment of assessment procedures 

Determine the assessment procedures appropriate for each 
assessment criterion. 

Identify existing assessment instruments. 

Develop needed assessment instruments... 

Identify needed evaluation personnel and clarify the- skills 
required for each. 

;Set criteria for ttie frequency, level, and variety of expected 
assessments. 

Develop feedback mechanisms to communicate assessment results 
to students. 
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Set grading criteria and/or develop grading alternatives. 

Review proposed assessment techniques for ade(iuacy, appro- 
priateness, consistency with objectives, effectiveness, 
usefulness for feedback, usefulness for decision-making. 

Outline decisions to be made as a result of variousr assessments 

Determine the research base for proposed assessments - 

Determine areas of the needed study, data collection, etc. 

* Determi natio n of personnel needs 

Identify aeeded personnel for all aspects of the program. 

Clarify the roles of all personnel. 

Determine staff development needs. 

Plan and implement staff development program. 

, Identify resource persons outside of the program. 

Hire additional personnel as needed. 

Preparat ion for implementation and operation 

Identify administrative concerns, including admission 

■ criteria, record keeping, space utilization,, resource 
management, facilities renovation and maintenance, 
credit allocation and reporting, supportive services, 
funding sources. 

Develop plans for each area of administrative concern. 

Set timeline for program implementation, including subgoals 
and strategies for phasing in various -componentsV 



Det'ermine special needs or difficulties. 

Determine conditions for on-going operation and strategies 
to ensure continuation of the program. 
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P Ian ning for program evaluation 

Establish mechanism foe on-going program evaluation that 
focuses on 

a. the adequacy and appropriatenes^s of the identified 
competencies and objectives, including review of 
their specificity, comprehensiveness, clarity, 
significance, relation to pupil learning, relation 
to assessment criteria, scope, level, research 
base; 
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b. . the effectiveness of the enabling activities, 

including their adequacy, variety, sequencing, 
relation to objectives, frel<'Jtion to assessment 
criteria, management, accommodation of varied 
learning styles, research base, cost effectiveness; 

c. the personnel, including the extent tx> which they 
model the program objectives; their supportiveness, 
availability, f lexi bility , adaptability, unity, goal 
directedness ; the adequacy of staff development 
activities ; 

d. program management , including its efficiency, effect- 
iveness, goal directedness , cost effectiveness; and 

e. student assessment procedures, including their 
relationship to objectives and criteria; research 
base; adequacy in type, frequency, scope, 
instrumentation; usefulness for corrective feedback; 
usefulnes' for decision-making. 

Program developers must keep in mind that planning and implementation 
are incremental operations. All planning efforts have two simultaneous 
aspects: a vision of the desired outcomes and a set of enroute strategies 
that are to the program as the enabling activities are to the competencies 
Developers must guard against adopting an all-or-nothing attitude that 
either the entire program must be implemented for all students at one 
time, or none of it can be operationalized. Often only certain aspects 
of the program can be initiated at a given time, or perhaps only certain 
students can be accepted into the program. This is an acceptable 
alternative as long as all concerned recognize the limited nature of the 
situation and do not delude themselves or others into believing thai^if 
they have implemented part o^ the program the goal has been achieved. 
Also essential to the success of the program is on-going communication 
with and involvement of all persons who will be involved in or affected 
by the program. Their '^ownership" of its goals and processes is crucial 
to its survival. 
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Chapter Seven 

' Experiences an Critique 

The model proposed ^.^^e points to .a thorough curriculum review and 
revision. It makes no pretense at being an educational panacea. It is 
^ admittedly speculative and idealistic, and it has not been fully 

implemented or tested under fire. It does, however, offer an exriting 
challenge, an opportunity for a clearer specification of goals, a call 
for a reexamination of curriculum practices and program components in 
the light of learning principles, an opportunity to refine learning 
experiences so that they may be made more effective in achieving goals, 
and a challenge to develop more precise assessment procedures both for 
evaluation and for diagnosis. All of these are exciting and challenging, 
not as exercises in their own right but because of their potential for 
developing more effective teachers of mathematics, both before and 
throughout their professional careers. 

Experiences with the Model 

Aspects of this teacher education model that have been implemented 
to date have been primarily focused on the pre-certification level. In 
p:;rticular, the undergraduate program for secondary school mathematics 
education majors at the University of Minnesota is built on this model. 
Consideration of that program and feedback from its graduates and 
cooperating teachers gives insight into certain strengths and weaknesses 
of the approach. 

Program descr ij[)^Uon 

Students seeking to teach secondary (grades 7-12) mathematics enter 
the mathematics education program of the College ofi Education as juniors 
after completing two years in the College of Liberal Arts or the equivalent. 
Prior to admission to mathematics education, they are expected to complete 
2^ quarter credits of mathematics and must complete at least one full 
year of calculus. In addition to the liberal education credits roijuircd 
of all students, the mathematics education major includes the following 
components: 

(a) A minimum of 48 quarter credits of mathematics at the level of 
•calculus and above, including four quarters of analysis through 

multivariate calculus, linear algebra, and differential equations 
(the standard freshman/sophomore sequence for mathematics 
majors). Also required are three upper division courses in 
Fundamentals of Analysis/Algebra/Geometry, one course in 
probability or statistics, and one course in computer studios. 

(b) General foundations courses in education, including general 
psychology, introduction to secondary school teaching, 
educational psychology, the school in society, human relations, 
teaching exceptional chil<lren, and drug education (total 28 
credi ts ) . 

Si 
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(c) Mathematics education courses consisting of two (juartcrs ol 
methods, at least three quarters oi pre-studout teaching 
])racticiun, and student teaching. Three additional courses are 
recommended electives and may become requirements; these are 
te.^ching arithmetic/algebra/geometry and they are normally 
taken concurrently with the foundations of analysis/algebra/ 
geometry courses of the mathematics major. 

Mathematics education majors also complete a second major, a minor, or a 

supporting field in an area other than mathematics, and they may elect 

to take certain offerings from the mathematics education graduate program. 

The program described above evolves from the belief that the role 
of the mathematics teacher is to provide pupils having different levels 
of interest and ability in mathematics with the opportunity 

(a) to learn the basic concepts, principles and processes of 
mathematics necessary for effective participation as an adult 
in a technological society; 

(b) to develop the problem-solving skills needed to solve new and 
unfamiliar problems; 

(c) to foster positive attitudes and self-concepts about the 
importance of mathematics for society and for the individual 
and about each one's ability to learn mathematics; and 

(d) tp prepare adequately in high school so that pupils will not' 
be eliminated from future educational and/or career 
opportunities because of inadequate background in mathematics. 

Thus, the teacher education program seeks to prepare teachers to fulfill 
the above role by meeting the following broad goals: 

1. To have knowledge of mathematics sufficient to enable the 
student to pursue advanced study in mathematics during the 
undergraduate program or during later ' continuing education. 

2. To engage in advanced study of formal mathematics in the three 
basic areas of analysis, algebra, and geometry that emphasizes 
understanding, proving, and communicating mathematical ideas, 
including some responsibility for independent learning. 

3. To develop fundamental ideas and skills in areas of special 
significance in the present and future, including probability, 
statistics, and computer literacy. 

4. To have knowledge of several learning theories and their 
implications for teaching mathematics, and to be able to apply 
those theories in the planning, implenM*ntation, and evaluation 
if instruction. 
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5. To have knowledge of the organization and operation of 
secondary schools, with emphasis on facilitating a classroom 
environment that fosters learning, open conmiunicat ion» and 
acceptance of each pupil. 

6. To be aware and accepting of differenl n(n»ds, goals, ancP 
experiences of individuals, and to be able to diagnose* pupil' 
needs and to plan instructional activities to meet those 
needs. 

7. To have knowledge of the goals, content, instructional 
materials, and teaching methods of school mathematics, and to 
be able to plan, implement, and evaluate instruction and to 
make instructional decisions based on knowledge of tkie pupils, 
the subject matter, and the learning environment. J 

8. To develop effective interpersonal relations and conurturiication 
skills, »and to recognize the significance of affective goals 
in the mathematics classroom. 

9: To have a basic liberal education, including courses in writing 
and in the arts, the humanities, and the social and natural 
sciences. 



10. To pursue study in an area other than mathematics. 

During the first year of the program, juniors in the introductory 
education and .educational psychology courses, both of which enrt)ll 
students from all teaching fields, also enroll for concurrent practica 
in mathematics education. For those two quarters they are assigned by 
the mathematics education adviso^r^^o one quarter each in selected junior 
and senior high schools which -trhey atteni at least once a week, and they 
meet with the mathematics education supervisor for a weekly seminar. In 
the seminars, mathematics students from across the sections of the 
general education courses translate the content of those courses into 
specific applications for the mathematics' teacher, and they relate these 
topics to their field experiences and objfervations . Also, in the school 
practicum they have the opportunity to m^ve from observation to limited 
performance for classroom routines to instructional experiences, first 
vv'th one or a few pupils and later with whole classes for short periods 
of time. They also are helped to assess] their personal choice of teaching 
as a career. In addition, juniors are ordinarily enrolled in the 
fundamentals of mathematics sequence and the corresponding teaching 
methods courses. 

The senior-year sequence focuses on methodology and content. In 
the first methods course, emphasis is on designing, delivering, and 
evaluating instruction. The standard methods topics of writing 
objectives; teaching concepts, generalizations, problem solving, etc.; 
planning lessons; designing and evaluating tests;, and more are 
integrated through course projects to develop units of instruction. 
Since the students will do student teaching later m the year, they are 
assigned to another quarter of practicum in tUc^^hool where they will 
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teach. Thus, for tho'ir methods asbignnients 'tlu^y soh^ct topics ih.il Uu-y 
actually wi'll teach, and they design lluwr iiiiils of uislriulion lor th.il 
purpose. This series of activities is an iterative* and interactive 
process in which th.e students receive feedback on their et forts anil rtMlo 
them as nei*ded until the final units are completed and acceptable. 
Units contain all lesson plans, pre- and posttests and ([iiizzes, wur^siu^els* 
overhead transparencies, and support materials. Also included in this 
course are biweekly peer-teaching sessions during which the students 
teach parts of their units, receive written and oral feedback from peers 
and instructor, and critique videotapes of their own performances. 
Throughout these sessions the emphasis is on why and how: Why did you 
use that approach? that example? that model? Why did you respond as you 
did to the pupiTs question? How could you do it differently? What 
would you (*xpect to be the result of an alJLernative approach? Later, 
during student teaching, the students are again observed while teaching 
paxLs„,aiL.Lhese- .uni.ts-. They cilso "inTilce -the unrts^ available as resources 
for their (lassmates. 

A sect)nd methods course provides the opportunity to survey the 
curriculum, with emphasis on major concepts anc' .principles; models, 
methods and materials for teaching these; difficulties that pupils and 
teachers are likely to encounter; and ideas for remediation and expansion 
During this quarter the school practicum is optional, but in order to 
maintain contact with their student teaching sites, most of .£he students 
elect to continue the practicum. The program culminates in student 
teaching under one of two options: full days for one quarter or half 
days for two quarters. Student teaching also includes a weekly seminar 
with the university supervisor. 

Pro^g^ram enij)hasis 

In those program components directly undep control of the mathematics 
education faculty (e.g., practica, methods courses, seminars, and student 
teaching), special emphasis is placed on the' fo"l lowing five competency 
areas : 

^- Knowledge about mathematics as described in Chapter One. Much 
.ittention is given to understanding the fundamental concepts 
,md principles of school mathematics and to the ability to 
(explain and/or demonstrate them in precise, concise, and 
varied ways, including the use of concrete manipulatives , 
models, and formal, symbolic representation. 

2. Planning for^ inat ructi on. Previous experience with student 
t eachers indicated a tendency toward inadequate planning on 
the assumption that they could create examples and questions 
.IS they taught. To counter this, the program stresses and 
r^tiuires careful planning of lessons, units, and activities. 
Students are expected to include in their written plms the 
sequences of questions they will ask, examples they will give, 
ind alternatives to consider in response to anticipated pupil 
rrrors or difficulties. The belief here is that for the 
beginning teacher, in particular, it is far better to over-plan 
\ han to under-plan. 
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3. Instructional d ecisions. Closely related to the conci^rii tor 
adequate planning is tne focus on instructional lecis ion- 
making. Throughout the program, students are expected to soek 
and try a variety of methods and instructipnal materials for 
presenting mathematical topics. They also are expected to 
weigh the expected outcomes of each alternative and to explain 
how and why they would respond to various instructional 
situations. * 

4. . Classroo m intera c tion and communication . Attention to inter^ 

personal communication between teacher and pupils, pupil and 
pupil, teacher and parents, teacher and colleagues, etc., is 
considered an important part of the teacher preparation program. 
In particular, the teacher must take account of known learning 
theories, psychological principles, affective goals, and 
•-^-eaYne'r~n'e'eci's in o'"rcieT~"tx)~e"s*t^b'lTs^h~a"n effective lea r n ing 
environment in the classroom. 

5. Cl assroom managem ent. Techniques for effective and efficient 
classroom management are given attention, and students are 
encouraged to experiment with various approaches during their 
student teaching. 

The major vehicles for attending to the above are .through formal 
instruction, seminar discussions, video tapes of secondary school pupils 
and teachers, peer teaching laboratories, and school practica and student 
teaching . 



Evaluative Feedback 

Fifteen students who were among the first to complete the program 
described above were assigned to student teach in seven senior high 
schools and three junior high schools, Each worked with one or more 
cooperating teachers who held a permanent licenses in secondary .school 
mathematics and who had been identified as effective mathematics 
teachers. Almost all of the cooperating teachers had more than ten years 
of teaching experience, and most had previously worked with student 
teachers from a variety of colleges and universities. 

The cooperating teachers were not informed of any changes in 
emphasis or content in the teacher education program. At the conclusion 
of the quarter each cooperating teacher was asked to write an open-ended 
narrative evaluation of his or her student teacher. While these 
narratives did not exhibit a common format, they were examined for 
common themes that pertained to the student teacher's teaching skill and 
classroom behavior. These are summarized below. Comments about personal 
traits, interests, or accomplishments of individuals are not included. 

All fifteen student teachers were commended for their careful 
planning and for their use of a variety of instructional techni(jues. 
More than half were described as particularly skilled in the use of 
inquiry methods. Among the cooperating teachers* observations were the 
following: found his ideas on 'developing a lesson from the initial 
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motivating ideas to the evaluation were thoughtful and crf^ative.'* "Her 
planning was always thoughtful; she anticipated and prepared tur niany 
problejnji that students have in understanding complex concepts/' "I have* 
neverseen a more efficient and effective planner and organizer tor a' 
new teacher/* One experienced cooperating teacher commented, ^'I often 
observed her classes to obtain new ideas for me to use the next year"; ' 
and another observed that, "He is one of the first student teachers I've 
had who has been able to work through probLem-solving techni<fues with a 
class." 

FoQrteen of the fifteen were' described as having established 
outstanding rapport with their pupils and with their supervisors and 
fellow teachers. They also were commended for ^their effective classroom 
management skills, and thirteen were also cited for their flexibility 
and skill in adapting to unexpected situations. Cooperating teachers 
noted that, "During class presentatic is he changed his delivery, depending 
on class participation, to bring about the best learning," .and "She has 
had excelle.nt trA.iiung . . . and »was willing to share her. own ideas with 
me . " . 

, Fourteen of the student teachers also were described as - nthusiastic , 
energetic, and/or dedicated, arid they weV^ further commended tor their 
self-conf idencb and'pois.e. Typical comments were: "I fouild that they 
(pupils) would ^0 16 him many times before coming to me; they were that 
ronfident^in what he. could do for them.'" "After just a few days, the 
•class functioned as if he had been there all year and the students, 
t-njuyed being in' his class?." "She was so poised that it was at times 
hard to reinembcr that she was a student teache^r rather than an experienced 
staff member. " 

Other frequently mentioned qualities were* the student teachers* 
nnderstdnding of the* sub'ject matter and their ability to explain material 
to the 5^- pup i Is; the pupils* reported enjoyment of^-jthe student teacheib* 
i lasses; the pupils* success as measured on achievement tests; the 
student teachers* abilities to communicate with parents, administrators, 
and other staft; and the student teachers* initiative in seelcing 
evaluations and suggestions from the cooperating teachers. 

V^hile th*-re are not* similar data with which to compare students 
tompietmg tins program wi-tli those of previous ye*ars, the strong themes, 
in the Cooperating teachers* evaluations indicate that the major program 
objectives are being met to a degree that is observable in the daily 
t lassroom behavior of the student teachers. They suggest that pre-service 
teachers can develop competencies at the higher level of the teaching 
taxonomy. It remains to be determined th^ extent to which these 
t umpetr*n( les continue to characteri?.e the teaching of these indivi<luaU 
lo they entt^r the profession. 



Strengths an«l Weakn(».^s<»s 

Graduites oi the program attributed much of their success tf* the 
Inliowmg factors, which they identified as the principal ^^trengtlis o'l 
their preparatory experiences: ^ 



I 

practiciun seminars early in the program that facilitatod* a 
sense of support, cooperation, and personal friendshij among Iho ■ 
students; ^ 

a variety of field experiences in different lypos of 5;efiO()ls" 
that provided opportunities to observe and to .try alternative 
teaching strategies and classroom management techniqQes; 

regular seminars that 'helped students to' int(»rpret and to 
■ focus on the implications of those school practic.i; 

integra'tion of methods activities with the projected student 
teaching assignment in order both to make those learning *tdsks more 
I relevant and to afford the chance to implement plans and ideas in 
I their,own classes; ^ 

laboiratx^y experiences with peer teaching and with video tapes 
of experienced master teachers as an opptortunity not only to observe 
teaching but also to develop a rationale for different instructional 
strategies; * , r 

/• 

emphasis on understanding mathematical concepts, principles, 
and problem-solving processes^ and stress on how to present these 
meaningfully to secondary school pupils of various ages, interests, 
and abilities; a'^nd 

* 

emphasis on examining the rationale for various instructional 
and managerial decisions that teachers must make, and on reflecting 
on their own values, goals, and motives for teaching. 

Principal cbncerns expressed by the graduates focused mainly on" the 
perceived differences between their goals and beliefs and those of 
in-service teachers they observed. Frequently they encountered opposition 
or, at the least, indifference from classroom teache^rs who either did 
not support their attempts to implement various instructional s.trategies 
or who actively opposed their efforts. To counter the resulting frustra- 
tions demands time and active attentioa^.to providing adequate feedback 
and reinforcement. It also requires the careful selection of schools 
and coopera-ting teachers for field experiences , and, it argues for the 
importance of extending the teacher education process to in-service as • 
well as pre-service teachers. 



Concjiusion ^ . 

Early experientes with the teacher education model outlined in this 
paper have been encouraging, and they lend' prelimina)?y support to the 
usefulness of the taxonomy in delineating specific teacher performance 
outpomes that include both knowledge and instructional behavior. 
Additional implementation and evaluation of the model will continue to 
contribute to the goal^ stated at the outset, of delineating the nature of 
the content of teacher education programs, the nature of delivery 
systems, and the range of expected outcomes at various stages along 
bhe continuum of professional development. 
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Focus on Observation 



Because teaching is a complex activity, the observatron ot teaching 
is likewise complex. Classroom observation, at any stage in a, teacher* s 
development^ is aided by observation guides that help the teacher focus o 
salient aspects of the teaching process, the learning environment, pr 
tiie school organization. Whether observing another teacher or S tape of 
qne's own teaching, the observer should have definite objectives for the 
observat:|.on 

The leading questions given in this appendix* constitute lengthy 
list of examples of foci for observations. Specific observational tasks 
can be formulateid by selecting appropriate items' from the list. As 
always, the items are presented here as examples to stimulate .ideas on - 
the scope of possible obse,i;^va,tional tasks. The lists are not comprehen- 
sive, and users are urged to modify, to substitute, and to add^it will. 

On the classroom environment: 

Sketch the physical arrangement of the classroom.- 

Include all furniture and equipment. How* does the 
classroom arrangement contribute to or distract from 
^ * learning? 

Make a list of the learning materials and equipment in 
the classroom. Indicate with a (P) those items 
readily available for pupil use. Indicate with a 
(T)rtho^e items usQd only by the teacher. Indicate 
with , 'an (X) those i^ems used by pupils only with the 
teacher's permission. Which materials, if any, are 
kept locked? 

Is the classroom comfortable? Adequately lighted? • 
Adequately ventilated? Too hot or too cold? 

Are the bulletin boards decorated? Sketch or describe 
. them. Do the boards seem to be related to the 
. • mathematics t^hat "^is taught in the room?, 

Is student work displayed in the classroom? How? For 
.what purpose? 

( What features of the cla; Dom make it a pUasant (or 

an unpleasant) place to be? 

^ ' ^ V 

l^hat is tKe condition of the pupils' desk^? The wall, 
floor, window coverings, chalk boards? 

If you were unfamiliar with the school, what featlures of 
the classroom would tell you that this is a 
mathematics room? 
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On /the instturtional process: 

( ^ . . 

Describe the pupils' behavior as they enter the classroom. 
*Note.Vhat they talk about. -What indicators do you observe 
that gLve you some insight into how the student's feel 
* ^bout being' in math class? ^ 
« « * 
Is there a bell or other ofjEicial signal that classihas 
begjm? If not, how did the teacher signal tnar the 
class was beginning? How did the teacher begin the 
^ " class? ' ^ 

How long did it take the pupils to settle down after the 
teachers called the clas'fe to order? What did they 
do in the meantime? How many times did the teacher 
have to call for attention or order before class 
J could begin? ' '* 

V" 

How did the teacher motivate th^ new lesson? Did the 
teacher appeal to any of the following: the , * 
significance of the topic for the pupils? the^ 
importance of the topi^ fov future mathematics? 
applications of the topic? past experiences or 

^ , learning of tjhe pupils? the curiosity or interests . 
« of tl\e. pupils? 

' ^Does the teacher seem to be enthusiastic iibout the topics 
How is the teacher's attitude manifested? 

Wh;at pupil behaviors give you som'e hint a^bout whether 

they really were motivated to learn the new material 
or not? , 
•< 

Drawing on your own ^knowledge of mathematics and on any 
resoutces you care, to use, suggest at least three 

• otheur i<ieas for motivating the same topic. Which of 
the options (including the teacher* s) do you prefer 
for this topic? Why? 

■ i \ 

How did the teacher btiAg the lesson to an end? When 
\ did this happen? When did it appear the pupils had 
"tuned out" on the lesson? Had the lesson ended at 
thab point? ^ 

^ Did the, teacher have to take special measures to try to 

• keej^^he pupils' interest and attention? If so, 
what? A ' 

Was there any specific aspect^of .the lesson*"that might 
• account for. the pupils* "tuning out'* early? 
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How did tlje teacher make the homf»wo'rk assignment? * Whon 
^wns the assiRnmenl Riven? What did the pupils ilo 
while the teacher exphi^ined the homework? W«iS the 
assignment clear? ^ If nbl, what was unclear nhotil 

. C it? 

Outline" the entire Ifisson as "it develops during the 

class'. » After class write what you J>elieve were the 
teacher's objectives, based on the lesson you 
observed. After yoti hav^ written your list of' 
objectives, ask the teacher to see his/her lesson 
plan. Do the objectives you wrote coincide with the 

, teacher's? -»Did the. lesson as you. outlined it follow 
the lesson plan? Did anything happen during the 
class (for example, an unexpected pupil answer or 

' question) that might- account for tjhe teacher's 
digression from the plan?. ' 

Discuss the lesson with the teacher.^ In particular, , • 
discuss any. deviations from the lesson plan and* find 
out why the teacher' thought- them appropriate. 

\ ' . . 

Does the t(fache'r think the objectives, were accomplished? 
On what (ii^d h.e/she base that conclusion? If they 
werfefnot accomplislied, to what does the t.eacher 
• attribute this? 

Observe -lessons in each of the following areas: concepts 
generalizations, skills. In each case, list all the 
moves'the td^acher used . (See Cooney, Davis, and 
. Henderson, 1975,^ for a discussion of moves.) How 
mafiy times did the teacher, use each move? Were * 
there any moves qot used at a^^l in the lessons? Can 
)^ you think of a reason^ why this might .be?^ 

. • • / 
Were thqre any .times when the teachers asked for one 
thing but accepted something else (for instance, 
asked for a definition-^ut 'accepted an example)? Do 
you^ink the teacher h^d* a reason for tfiis? ' ^ 

Who gave- most of the examples, the teacher or the pupils? 

If pupils made false generalizations, di^ttie teacher 

^respond j^ith counter-examples? Give some instances. 

How woul^d ^ou d<f(:ermine whether the pupils had . understood 
the concept or generalization or' had mastered the 
skill? 

How much time w^fs spent teaching the concept or generali- 
zation before the class moved to algorithms for 
applying thd concepts?' • » 
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Where in the lesson was the concept defined or the ^ 
*> generalization asse'rted?. Would you classify the 
lesson' as discovery or expository? 

How often does the teacher pos|b problems 'for the pupils? 

* How can'you be sure thes^ really are pcpblems and ^ 
) not ' exercises? * . . ■ ' 

Depcrihe a problem-solving lesson that you observed. 
State the problem. List the heuristics that the 
pupils used. Which ones did the pupils initiate? 
Which ones did the teaclier/suggest? 

How does the teacher encourage p^r.oblem-solving? 'Is the 
'teacher's behavior different during pVoblem-solvin^ 
lessons^ .compared to other lessons you have observed 
witH the same teacher? 

How many of the pupils were able to solve the problem? 

Did any solve it only partially? Did any 'go beyond 
the original problem? Did the teacher encourage* 
\ multiple solutions? .original approaches? How \<fis^\^^ 
that encouragement ^iven? 

Were the .pupils* behaviors, responses, and attitudes ^ 
noticeably different compared to other days in the'^ 
same class? If so, in what way? To. what ^o you^ 
attribute this? 

What do you »think were the teacher's objectives in ^ 
presenting the problem? What does the teacher say 
were the objectives? Were those objectives met? 
•How do you know? If they were notr met, why not? 

J* 

Over t.ime, is there evidence that the^j^pils are becoming 
better problem-solvers? ^ . . 

What examples of **real-world'* applications has the teacher 
used? How were these introduced? What purpose were 
they intended to serve? ' 

> 

Were the pupils more interested, attentive, or ciirious 

about the applications? On what behavioral evidence 
,do you base your judgment? 

How Kiid the applications or examples make the less<in more 
4 ► understahdabte? 

What learning aids are available to the. mathematics. 

^^acher? i; List all the mathematics teaching aids.^ 
partii^lar, checjc for 
calculators 

computer or microcomputer 

{ 
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geoboards 
scales 
rulers 
j^rotractors 
^. compasses 
scissors » 
'•MIRAs 

syrveying tools 
I ' geometric models 

^, .special transparencies; e.g., for graphs 
graph paper 

• blackboard. coordinate grid 
muXtibase materials 
abacus 
cards 

dice ' t 

games 

other (describe) , 

Indicate the •following for each material available:- 
(a) ^ there are sufficient for each pupil to ' 
have his/her own set of materials^ 
there are sufficient for pupils Lf they 
woTirln two Is or tht^e's 
there arh only one or* two available fdr 
demonstration - ' 

the materials are kept in the classroom 
the m^teri^s are in a central cesource 
cei\ter 

the material? arc locked up or put away* 
somewhere • -^^ • 

. f,' ^ . 

what alternatives^ were available to the 
Give a probable reason for choosing the 
one the teacher -chose. What was tl\e consequence of 
that choice? What are the likely consequences of* 
the other alternatives? Which alternative would you 



(b) 

(c) 

(d) 
(e) 

(f) 



In each case, 
ttrScher? 



choose?- Why^i 



Did the teacher **go^off on a 
Describe ^what happened. 



tangent"* at^^any time? 
Wliat brought about the 
tangent? Was the tangent purposeful? Was it time 
well spent? Why do you think that, it was/was not? 



Were there any '^suprUses," such as an unanticipa^ted 

'questipn or a pupil's misunderstanding, that made it 
rfecessary to adjust the lesson? Describe what 
happened. 



How many times during the cla.ss period (did a s^tudent 
initiate communication to ask for directions or 
clarification of directions? to ask a question 
about cf\ntent? to volunteer an idea, opinion, or 
* answer?, to answer a question put by ^he teacher 
either to the pupil directly or to the class a.s a 



m 



ERIC 



• .102 
\ 

whole? to direct a question or comment to another 
pupil? 

How often do. the students work in small groups (three or 
more)(? with one other pupil?' alone at their desks? 

' at the chalkboard? at a lab station using materials 
or manipulatives? in a resource center or library? 
4 'alone at a computer terminal?-- 

During the class period, how many pupils participated 

four or more tij)?es? two or three times? -only once? 
not at all?. 

What proportion of the teacher's questions require a yes/ 
no answer? a fact or other specific information 
^ -v^already learned*or memorized? a numerical value for 
a particular computation? an original expression of 
a' concept? a new conclusion from the pupil? 

How many questions are not really questions at all but ^ 
statements followed J)y a question mark? Give' some 
examples of these. What purpose do they serve? 

How long, on the average, does the teacher wait for the 
pupil's answer? How many questions actually get 
answered by the pupi]s?. How many does the teacher' 
answer or rephrase or Simplify? * How many go ^ 
Unanswered? 

Are any of the questions io ''loaded" that it would be 

impossible to give the wrong answer? Give examples. 

How does the teacher ^ncourage the participation of all 
, the pupils?' Does th£*t encouragement lead the pupils 
to initiate questions, or comments or merely to 
*re4^pond^to the teacher? 

Does the teacher ins^ist on any particular language- or 
terminology? Wlien does this happen? 

What pupil behaviors do .>*^tnr observe when tlvq pupils don't 
^,,^now or aren't^ sure of the answer»to a question? 

Does the teacher appear to direct the ?.nstruction to 

particular pupils or to certain parts of the room? 
Describe this,- IsA.t a ^deliberate choice on the 
teacher's part? W so, for what reason? If it. is 
not cons'ciously intended, what is ih that seems to 
draw the teacher's attention? 

Which pupils do you notice mo^t? Wliy is this? Which 

ones d/> you tend to ignore? Why? Wl\i6h pupils seei? 
to lead or to dominate in the class? In what way?' 
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Do you observe di^^ferences in the pattern of teacher^pupil 
communication with certain pupils as compared to 
others? Describe. 

What verbal or non-verbal means Jlocs the teacher use to 
control the class.? Describe them. 

How many minutes were spent in each of the following 
activities: correcting homework? reviewing 
previous materials? presenting new materials? ^ 
supervising while the students work on assignments? 
giving directions or conducting management tasks? 
other (describe)? 

How doe3 the teacher manage the following classroom 

routines: taking attendance? collecting homework 
or tests? returning papers to students? other 
(describe)? 

What procedures or rules are observed for: turning in 

homework or other papers? -making up worlc miss(jd due 
to'^sence? making up unexcused missing assignments? 
moving about the room to sharpen pencils, etc.? 

Does the teacher assign pupils to their seats? How? 
Does the teacher assign pupils to small groups?. 
How? 

V 

Wliat are the rules about students talking to one another 
during class? Are students required to raise their 
hands for permission to spe>ak? % 

What are the procedures when pupils forget to bring their 
books? paper? pencils? 

Are students allowed to leave the rpoQ to go to their 
lockers, the bathroom, etc.? 

When students are working on homework or tests or other 
activities, what does the teacher do? 

How does the teacher: handle the correction of homewprk? 
• Do the pupils receive grades for homework? 

What interruptions of the lesson occurred? Could any 
have been avoided? What was the effect of each 
interruption? How did the teacher handle these?' 

How does the te<^cher provide for periodic review and 
maintenance of skills? Is this accomplished 
through class activities? homework? quizzes or 
tests? other? ^ * 
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When a pupil gives an incorrect answer in class, how iloe.s 
the teacher respond? Dcies the teacher correct the 
pupil? help the pupil correct his own errors? 
embarrass the pupil?- 

Are the teacher's corrections directed at individual 

'pupils or at the whole class? Ij; the effect on the 

cl^s different in t'hese two cases? How? 

♦ ^ 

Correct a set of homework papers or tests' Analyze the 

kinds of errors the pupils ma-ke. Try to describe 

any patterns j-n these, errors/ Use those patterns to 

infer any possible misunderstandings on the pupil's 

part that would account for the errors. Suggest 

remedial activities to help correct the problems. 
* 

How does the teacher/show posi-tdve reinforcement to the 
, pupils? Is this given individually or to the whole 
class? Is positive reinforcement given only for 
good performance (a tigh test score, a good homework 
paper, etc.)? What other oc(fasion§ resulted in 
positive reinformcement? What effect does the 
teacher's attention or approval seem to have? 

Wliat provisions are made in the school .and in this class 

• for slow -learners? for gifted students? for 
handicappfed stduents? Do these students receive 
special instruction? special schedules? 'special 

• curricula? special learning materials? If so, 
describe. How does the classroom teacher have to 

* modify his/her teaching to accommodate pupils with 
specidl needs? ^ 

♦ 

pupils: 

ff 

Stand in the corridor between classes, in the cafeteria 
line, in the school bus line^ Student pommons, or 
, other place where students gather. What do they 
talk about? What things seem to annoy them?' What 
things seem impertant to them? How much of thq talk 
is about school? about particular subjects? about 
particular teachers? 

*^ 

Talk to students directly and try to determine what 

classes they like or dislike and why. What do they 
like or dislifce about math class? Do they thir|k 
mathematics is important, interesting, and/or "poor 
teacher**? What things about school do tliey like anS 

* want to keep? What things about school would they 
like to change and how? What goals do they have ior 
themselves? 
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On teachers: ' 

Talk to a beginning mathemaLirs teachpr. Try to 

delermine what aspects of the first year were most 
surprising, most satisfying, most frustrating, most 
disappointing. For what 'Was the teacher best 
prepared? least prepared? What advice doe5 Ihe 
t^eacher have for you? 

Interview a student teacher just before student teaching. 
Determine what the student .teacher ' s expectations 
are for student teaching. What are the apprehensions 
Interview the same student teacher aC" the end of the 
student teaching period. Were those expectations 
and apprehensions fulfilled? In What ways? In what 
ways were they not met? Wat did the student teacher 
consider, to be the most valuable aspect of the 
experience?- What advice does the student teacher 
have for you? 

Interview a teacher with sjeveral years experience. How 
have that teacher's attitu'des and views changed over 
the'years? * Why did he/she become a teacher? Why is 
he/she still a teacher today? What are the most 
positive aspects of teaching? the most frustrating? 
What advice does the teacher have for you? 

On the school: 

What duties do teachers perform besides teaching, such 

as homeroom, cafett^ria, study hall, etc.? Are these 
duties optional for teachers or are they assigned? 

"What is the purpose of homeroom? What activities take 
place there? How do the pupils behave during 
homeroom? 

Attend a par.^nts* meeting. Try to determine what parents 
want for their children in the mathematics program. 
What do parents like about the^tathematics program? 

Ask to read a copy of the teachers* contract for the 

districts What duties are specificed for teachers? 
What restrictions are specified, such as length of 
work day, sick leave," personal leave? Wliat else 
does the contract specify? * 

If possible; attend a school board meeting when t^^^achers* 
contracts are being negotiated. What items are 
included in the negotiations? Who represents the 
teachers? How are the teachers* representatives 
selected? 
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Is there a teachers' union in the district? Is membership 
required? What services does the organization offer 
its members? 

What extracurricular activities are offered in the 

school? How many of these are athletic? academic 
(e.g. , honor society)? creative (e.g. , band, drama)? 
social (e.g., pep club)? governmental or service ^ 
(e.g., student council)? Are the organizations open 
to all students? If not, who is eligible? How many 
students participate? ^ 

How are extracurriculars funded? Who supervises them? 
Are teachers required to sponsor an activity? 

What are the goals of each organization? What activities 
do they sponsor? Try to participate in at least one 
group over time. Do the students relate to the 
teacher differently in extracurricular activities >. 
as compared to classes? In what ways? 

List what /ou see as the advantages and. disadvantages of 
sponsoring a student activity. Talk to teachers who 
are faculty sponsors. What do they see as the 
positive and negative aspects of that activity for 
them? ^ 

How are students scheduled for their t:lasses? Which 

subjects are required and which are elective?* Must 
student^ have their parents* approval before 
registering for classes? Can they choose their 
teachers? 

Are students "tracked" indiffbrdnt curricula? Who 

determines into which track an individual is placed? 
Can students change from one track to another? How? 

How are the^ teachers * schedules determined? Within the 
mathematics department, who decides which teacher 
will teach which classes? 

Does the school h*tve a testing program? What tests 

are given? To whom? Wliat u§e does the school make 
of the test results? Are students required to pass 
certain tests for graduation? 

Does the school have standardized grading policies? If 
so, what are they? How does the mathematics teacher 
determine student grades? 

Are there "rewards" or "recognitions" for scholarship, 
such as honor rolled, honor society, college 
scholarships? How are they awarded? 
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What are the graduation reHjui rements in the school? 

Read the school's curriculum ^uidc. What are the hasii. 
required courses? What is l\w range o( elerliv(\s? 
What imiLhematirs cours<\s ar<» olfered? Whul/ aio 
students required to take? llov many students laki' 
mathematics? 

Is there a student handbook? It so, read it and try to 
find what rule^, if any, govern the following: 
excuses, for absence from school and/or class; making 
up missed assignments; cars and parking; movement to 
and from lockers during the dayj dress; smoking, 
drinking, drugs; movement in corridors during class 
.periods; use of library, resource center, computer 
center, ptc; respect for teachers and other pupils; 
destruction of school property; textbook use and/or 
rental; field trips; conduct in cafeteria, assemblies 
study hall, student commons; work release; partici- * 
pation in extracurriculars; holding school office; 
other. 

Talk to the following persons and try to write a brief 

job description for each. What is their role in the 
school? What are their responsibilities? What 
aspects of theii" jobs directly affect teachers? 



Principal 

Assistant principals 

Guidance counselor 

Secretary 

Janitor 

Librarian 

Audio visual director 



PTA officer 
Mathematics depart- 



Computer ^center head 
School nurse 
School board member 



ment head 
Special education 



teacher 
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